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mfi2{4tBM«:fie^-Cjl^ra*sS:S^tl-c4> "3 . 14GjE 
[ ItJ&B 2 3 flilBSSM& * p ? * & * 

©ttffSfcj^sf4*Bilfci£DT3^SftSl®&©-f > 

&m i ieas©rtsi5* p ? *&&m&. 
1 mm 3 3 m&mmmw zv?* s * 

©ttfWa^lBtttWKJCDTBKStiiWBtO'f > 
•K-*©yiJ£S*, 

!51EiIi£:J-7-fz* F#f8«. g5sElglfc©-f >'<-*?«© 
S»S©^>^-*©Hi*{i#«:. KriB^e-KSBE^ 

tc j: *) § ti^se^n 3SM L r striBaa© w>^- 

£?|J©S38©-Y >;n*-£©A2;8B~--#*. 

Brt»*n»ar«^«:«ai'-i-*«^**ta*8n*. if* 
Jg 1 iEtE©F'98I5:J>p 4>lfe£lHlSg. 

luffijffil* 7 -fe ? F *Stt. IWE*- F * Kfclfl 
[16*315] ^RXBS^ttttlfKBfi. -r-*^ 

ttfssw^itfeti-c^e**^- ** s ta^> sti* t -etc 

CAS U4f->Jx--C»e3*i*SilB*»*ci * 

B5iE*-Fu^^*«:t§iWsnsf r -i'«. ttrsECAS 

WW? f|fc£®Sg. 

[fS*96 3 «B*- K&JSfi-ffKftoTi&SEH-SB* 
a 7 *ft-^imriEii5a»^^S^^©*o y *{f# 
©-^?raM^O-r|SIErtg|Ji'a 9 LTttiTJ-T* 

^&*<? 6 ge*3iiat»u5©t>-rn3»>«:iE 
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(IS*97 3 §?1 ©ff# *>6fFiES!l 1 OA-9K: RBUO 

mrtsm 1 ©m-st iiJSEB 2 ©«# <t omamz&m? * 
*«. 

10 ILT. fJ!Eil5I^FatC^L*7-fe? F4#x*ilS^ 
[0 00 1] 

[*9!©«ir*a«»B3 commit, ml<m^th 
L-t©rt§P*p v *«-^*i^'rafca©0S8tcsi-r 

C©»W«^SBi'P7*<t-^tCPI*3Lri6fP 
•j-*HS8S^«SEtftSgBlC*5l»TC©^a!5'P » *ff 

20 A-srtsPd'p^i'^SBStcM'r*. 

[0 002] 

[fi£*©t£ffi] 33Z&tbxm^hti2>?'(1-S. - 
=>ls#J± ■ TifbX ■ (DRAM) tt-€-©8&fPiI 

SftTfcTt >-£>*>©©. •€-©SWfjIS«««L^ 
gM&g£SS-C&.&-?-f 2>P7"P-fe?-!J- (MPU) ©Stiff 
ilKKitlffi-rSC fcC*. C©/c». ^f^A© 

&3jIg#DRAM©T £ 4 A 

30 7&±#ot£&tm.T-?z±i.>'>r$m* s £.cz. c©* 

5 &5SSI ; &»?Si-r'5/ci!t>{c. SJjEMPU©/£:fe©£fElS 
SS^*f*ffitt^S (SDRAM) *Sffilg$tiTli?.. S 

DRAMtc*$i,»Ttt. ^mrf^^^.s-^tc^i.c, 

[0 00 3] SI 6«. «£*©SDRAM©^S»6<Jfea 

16(C*Jl»T. Affi^jx-^D/Qli. 8t9hf-f 
T$>*)> Sffl©^-* F©r-* ; 64fcT7 

F) *s»ftL/TSHi3Efctt*iiSn4«KlF3W5\$n4. 
[0 0 0 4] SDRAMCCfel^-Ctt. HBi?V v 
e x t C L K©SLh*s S?*C*rt* 4ffl»©^8IHt# 
©tt«l©iffl^-t*'tc«}: 9 itBrtWCtf ftfetiiibflFsWBS 

D-^*-9/RAS. 39A7KI/^H3-^W/ 
CAS*iJ:CX5-Y F-/*-^Ufl#/WE-r**. C© 

50 «a©^SB*0ffliff^©#3S©iffl-&i*«. a* r=-7> 



(3) 

3 

Fj tmitiZo 7 FU*ft-Sf ADD**, -rf*y-feJl4f 

[0 00 5] ^P? >?*m?)\>$ atefcOT, *fSP*P 
vtm^ex t CLK^SL±^0x^^tC*5l^r, P$ 

P^ 

AT FU** FP-^lf-^/CASfccfctf^ M*- 

zj^^Yt^Xhti. SDRAMrtSCKfc^T, 10 

C<D7*^-f F**#*6tl*&, CCD<h 

#<D7 F U^ft^A D D#*t7 F U^M^X a £ bTBX 
iiSfti. CCMfTFU^^XatCfieoTtfSIRSW^ 

tTftfens. 

[0 0 0 6 3 ytl>-C % ^u?r^1f-r^JU#bCCtel>'C, 
*fS$*P 9 *<f-Sf e x t C LKOlLh^D x ? 2? Kill* 
37A7fW^hO-^tt/CAS*LU^ 

*<Dt&tC**jLP>1nX\,>hT F UXOTA D D#9d7 F 
u;Mf-*Yb±UTBlii**i, COJ(lTFU^«#Yb 

ccfieor^^y-feii/JUj&saJisti*. coy-Fa^. 

F4l5*.&trC*>6. CASMf>'>-iiftfn^. 
5^-1*3 ) sWaa-Tii. *n * »-y-^ jrjl^ctcfel* 
SP*n? ^gfex tCLK<DiLh^9CCBIRI3LT, 7 s 30 

^gP^P^^ft-^ex tCLKtCfi£o*C 

[0007] ^-*»iittfWF«:fcir^rtt, £"T, *p 

7FU*«^XclCftoTSDRAMrtrfTi»«fc 
ffi*BBJ6r*. *P* ?1W?JI# eKftl* 

t, ^^n^^ff-^ex tCLK©iL£#9x?^fc: 40 
&1>T, P-j7FU^^hP-^M/RAS?:HU-< 
JU£U 37A7 Fb*X bD-^/CAS*J<ky 

F ^*-:/;Wf^/WE££ fcfcL U^I/KH^"*" 

A?)h5 ( L A7 F U^^ F D-^ff / 

CAS«oT7 FU*fI^ADD#?ij7 FU^fl^Y 

aiUTHX&Sn, rt»rWjB««bff*wwsn«; C 
<D5J Fav> F^^6nS<ttCC«, 5-fFP^> 

/cf^d 0#SDRAMrt^teHfcA*ft£ o S 50 
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J*SP*P? 2{T^e x t C.LKOSLb^Ox^^Tr- 
*d 1-d 7*«**Brt»^«ii*ft. C*i6©ffiii 

[0 00 8 ] lo©7^t^37>F ('J-F37>F 
S/ctt^ F n*7> F) KftoTS&ffK£7*-fe*£*i 
Z'f-ZOmz r^-^FSj ii^tfn^c iI?it<DDR 
AMfccfcW^P^ FU** Fn-:/fi#/RAS4$«fc 
^7A7 FU** hn-y«#/CAS tl^^WW 
SiM#«:|§I«|L"CT FU^fi^^A*^-*^^* 
B^^rtgP«j^4?T^^7?S;i^0. S DR AM(C 

-C*£fl>»*n ? ^ft-^e x t CLK©3Lh#9x9SP 
rflS»WPfi»/RAS, /CAS, /WE, 7FU* 
A D DfccfctfSi&f*- * d ft ^Ofl-gPft-Sf 
J*958Hjatft# (»S07Fi/^«^? F**tr» 
©tt««:j:!)»ffSh*=i^>F«ca-» , trt 

flnkfl&ffftfcti*. 

[0 00 9 ] WWD?*»ex t CLKfcEHBLT 
W«*>60it/RAS, /CAS, /WE*5<fcCMD 
D ft 6Cf <A*^— *) «rBSitrtOJBttff 

7 Fuxf^+*- <*-f s istfo? 

ft) KX&f~*7<maxmicnT*'*-&>**toT 
SiM&Pft < • lo©T*-fe^«:«2«4S*i6WnBTft 

P 9 ^«#e x t C LKfc^OTilfc?*- 
<£tf^ffi£lii7T£e<btc<fc9, Mi|£7 Ate 
*p **«#ex t clkoi Hffl-esaesnscicc 

ft 9, SDRAMOaKT^HzXir-rAtJBaarftC 
[0 0 1 0 ] HI 7«, ^©SDRAM<D£f*<D*iJfc 

siHBWccm-ria-c**. Hi 7tctei*r, sdram 

ftSB^P v Zm-zti n tCLK«r^£-rS^ P?^? 
7 7 100.i, >P7^<»77l0 0*6Ort»fO 
vtmm n tCLK«CBJHLT>|««W«*ex t/ 
RAS, ext/CAS, teitfe x t/WE*BXii^ 
W^«tSJiW"4A*^»7 7 1 0 2 rtSPd? 
Uytm^i n t CLKlcmilLTAA^?7T 1 0 2 

fcrt8l»f¥*SttfbrS F «J*/«#*4J!W*3^> f 
fp-^104t, 37>Ff3-^10 4^©7F 
U^8bi*B5%«#trtW*0 9^«#i ntCLKttC 
RJJHl/t. W»OT FU^<i#ADD*«ii*rt«Mfr 
Fl/^(t**J:CWaWT FU^«**»a»"*TFU 
TsXvVr 1 0 6*Sto. 

[ 0 0 1 1 ] T FU^'^r 1 0 6«, t?T FU^ 
-^1 0 4 3^e>OF y<f»*tClEoT. Ctl6©1f7F 



5 

*5<fctf?ij7 FU*«^*6f*3SP*T7 KUXfffcitfrt 

[0012] sdram^ S6cc, ffyutfiae^Jsn 

SlSaO^^^-fe^^WT^^^r'J-fe^TU^ 1 0 8 
37> Ff^-f 1 0 4*6© F ';#ft-5|Ctl£gO 

isssi i oi, ©j®m-^£[E}ss 1 1 o*6©fW«t# 

£j£gl/Tr£te<t3ft, 7 Yl>*^v?7 1 06*6# io 

7lW 1 0 80»l£<D?f*jSKRttSS^Si«irS?fjglR@ 
SI l 2 SOfflJm#«StlHlB 1 1 0<Drtgp»<t-^«: 

1 1 4CcJ:0iS!R$n/c?Utc»Of r -^©Aai*^tf^ 
5AlH*HKr 1 6*^fr„ 

[00 13] UWm^¥S&M&\ 1 0fcJ\ rtSP^u?* 20 
ff-^i n t CLKte[^UTCASU^>^-:foJ:tf 
hS(D$»J®*?ffets *oAHi*iB 116W 
Wi^-^Affl^tt^COrtW^o^^ffl^i ntC 

coo i 4) ^mmm i2«, tfu^^ 7 .i 

0 6*6<DrtSP*77 FU^fl-Sf*^- FT^f^- K 

71W 1 0 8©»*©tf*^«JBKWft"r*^-- F» 
F5-f:/0B*£*«tr. &HHRBK1 1 ftffftl 
7 FU*«#teffioT>*yHzJU7U-Y 1 0 8©Jtt*a 30 

ffi^-r<2>^JSJRfi-^w:Stor^^: i ;-feJU7U'-< 1 0 8© 

awwiftAHttStt i i e^««-r* loy-htt* 

fro 

[00 1 5] 7tt7jVrcfc5CC, SDRAMOfi 

anttflp© h V mt % f*9SP* a ? *ft-5f intCLKKi 
*}frtt*>*i«. C©rtWD^OTintCLKtti> 

*fi^ex tCLKCcRHHUTC**. Uc^ot, rtSP 
fiavZmm n tCLKtOESbT <5*8B*0?*fI 40 
-Jf ex t CLKKROBt/O ^»MaA#ex t/RA 
S. ext/CAS, fc<fctfex t/WE*5<fctf7FU 

A D D J: tfA# 5 s - * D CDlXii* tf ft o T I > 
& 0 $tc. CASU-Y f->^~#C©rt§P*n?*{i-Sf 

f fccoftgp^p vtmm ntc 

L K £ * -> > F *T * C <b tc J: 0 Vi ti iotii • 
[0 0 1 6 ] S 1 S^Tct^tC, ^D^^^tI 
00CC*5C^T«, nSP^D vtm^e x t CLK^9 
?ri!BI3*VC*5«J, ?fSP*a ? *{f-5fe x t CLKi 50 
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flgp* P v intC L K <DRBtCl22£i^lSI t d # 

ft&tZo CCDftUZVvZmm n tCLK0SLt# 
9 (aTF#9) tciOrtSPKM^F 'J*3ti^o Affl# 
0B1 1 6 &tfcl>Tte. C<DF>9SP*P ntC 
LK«CW«ur«aifll^«4BBl 1 OCD^JfSOTK:^ 
gp^-^^^l^n^o Udiiot, C<DSgB*Hltd 

te* ^£>*#ilfr #spKr--£#aj;fc3ft£ 

[0017] ^Dv^^tIOOU, ftSP* O?^ 
g^int CLK£SDRAMrtgP<DS@ffi^£^bT 

*©iBSI»BI*-«Rta"r i C <t#T < «c 0 (25PSHI 

[ooib"]*cc 4 ±*e<d<£ 5 ftais©^ f ^ r «ck 

AT, .91* »P v e x t C LKfc^&L/crtSP* 

D^^fli-^iR^fSfca&CC, t"-/ U-f Fo y^ib-^ 
(KT, DLL4»t) *fctt7*-XP^FA-^ 
(«T, PLLiW) tll^fiSf o^JSfflB 
*s»*S*iTC»*. DLLi/cttPLLifflWCitC 

[001 9]I19tt, DLL^rfflC^rtSP^n^^^ 

CLKt^?77*HTii'09^?7T 1 2 0£, 
rtgp^D y ^ff^RCLK ( $ /ctt i n tCLK) 
av9J*y77 1 2 0*60*0 **«#ECLK<Dfi: 

««**a-r-*tt««ma 1 2 4 ffiffl^ms 1 2 4 

1 2 6 O^KmmfiE* * + * «C <fc 0 SEM^CC^Jfe 

U»o¥HHH"4*-^ ;l/* 1 2 8<b, 

Jb* 1 2 8C0ttl*maVCO 1 NKS£oT^<DSI5£B5fig 

ECLK*iHiOTlB*^-FOUTtt:taA'r4«EW 
O-f^ U-fJR-?- 1 3 O^r^fr. COaEWlB^-f U-f* 
^1 30OHi^fl^i^a?^^ M ^7 1 2 2^§A6 

CLK (SfcttintCLK) 4^XT^>o 
[0 0 2 0 ] {fitSt^WSl 2 4tt, fa^fifECL 
K0(4tB**P ^ ^m^RCLKOfifflct?) fciiATLi 



7 

Zm-SlCte. MaHtf/UP*LI/^ Wf^DO 
WNiLI/^tL, ^ + -^<P>^1 2 6tC3tSSffi 
5r*C3ti-4o j£e>i§££tt* &*lt£ffi§ 1 2 4 M 
Sl^/UP^HU^K SfJiafi^DOWN^HU^U 
<tU ^ + -^JO:/l 2 etcttWadSfciCS-H-i.. 

2 6 DfcW^Kltt. A 
2 8*6>©WWWEVCO I NOSEU 

VCO I NsWSTTSo 

[0 0 2 1 ] «BEW*f !r -f U-f*¥-l 3 0«, CQfW8P 
lEVCOIN*5±S«<!: 4 *tottf»»3W±»0. 

9^{t^CDfflffi*Jl**. — (WtEVCOIN* 
«EU^U*KSTr*i* WEWflPfw U-fJIW-1 3 0 

*>6©ffl*-/- FOUT«cU*8ft**#©flW*»ft 

[0 02 2] C<DtttBtttH81 2 4. ^ + 

2 6, 4)1$ 12 8* WffiWfSfw U-(*?-l 

3 0te<£tf*a -^^^77l 22«7^ - F'<? ^ 

l/T*$D, Wc^ot C(D@1 9tc^rrteu 
*a ? ^R^HKtt— ttOBttWJfflilglllS'C**. tteaW 
ot, c©^«fcffiSl 2 4«:*5»4(ftffl** J 0itt* 
JiStCCtDfr--?? 4&912 8*60WWIEVCO 

*>60rt»^o^fi#RCLK (i/ciiintCL 
K) tt^ap^o^^ft-^extCLKCCffitiraiBL/^o 

»7r 1 2 0lt {itBteftSSl 2 4^*n?*M#EC 

2 2tt, AMm^rtff*a?»A#RCLK 

1 n t C L K ) *et-T *ft:*Btt*»*tt«fl*^* < ? 
ft£. LfrLK&hs C<09Vt v ^777 1 2 2(DttJ 
ATS^P^fifRCLKt^P9^777 1 2 0 
OUATS^P^fitECLK©ttffi#fL< 

v9*Wr 1 220|g»**$^#< StiWCfe. * 

tt*S:l#o*t*o>f»^o ^ ^ft-^e x t C LKttfitB 
ra»WU*S*o**»*RCLK <*fclii n 1CL 

K) #*jas*i«. 

[oo23]02o « % si9 KiTn-rwEiWfflif* -f U -f 

2 8)!p6©*iitai«Evco i Nccae^T$ijia)mEv i n 

P*5«fctfV I NN££fiJcTf £*7U>F 5 3 0 

a<b, C<Dtil<>V 3 0 a#>6fcH£>3n£ 
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mEV I NP*5<fctfV I NN I ffi-5ttOi!gBB*a 
%t tiSilSIslSS 13 0b 4t^c 130b 
it. A*^-FIN(C#jL6ft4*0!7*«#ECLK 
SrilSbTttttM- 1 FOUTfcrtSP* O 9 *«-»«C«S 
r £ 9 P ? *fg*Sr&J5W4. 
[0024] ^U>h57 -SB 13 0aH «»*E 
FV c c irtSP^- F 1 3 0 a a<DH 
«c«a5Sti*o*©y-h#rtesy-Fl 3 OaaK& 
SiSnipf t*^MOS h7>^^P 1 4, 
10 -FVc ctrt8^-Fl 3 0 ab©WfcgttSft*>-3 
-toy- h^rtgpy- F 1 3 0 aaicgSSSWP^t 
^I/MOSh7>^^P2i, |*g8M-F130aa 
tl&t&s- FV s sOfiSCcS^teBJ'JK^Sft&n^ 

«y-Fl 3 0ab±&ife^- FVs sOMtCffittSft 
3&iO*©y — F^rtSP-^- F 1 3 0 a btc3gi&£*a£n 
^t^jbMOS ^>i?**N2*St*. MOS 
s;**N loy-b^, Si 9tc^-r^-^7^;i/^ 1 
2 8*>6©Mffl«EVCO I N^A6h4. 
20 [0 02 5] MOS h5>y**P l*5j:U f P2^U , 

<SftTl»htf. MOS F^>^X*P l*5«fctfP2«: 
[^D;*££omte;W&n£e MOSh7>^^N 
2«\ MOSt7>5>**P2;te&*86*0ttft3*l. ffi 
fa*— F*CtfrfEU C©MOSh7>^*P2W« 

t&sn^msstcjto/caEv 1 nn*£j£t*o mos 

F5>^**P2:fo<fctfN2CU* 4 I^JD^^?©^* 5 
S£n£„ rt»y-F130aa*6WfflWEEV.lNP# 
mt)2ti* ftW- F 1 3 0 a b*>&WfiP«BEV I NN 

30 

[0 02 6] ilJiESS 130b(t 
SPSffiV I NPWtfV 1 NNKcfc^t^Sft*^© 
*xy- FS*t3*ifc^>^-* I V 1 - I Vn-dS/S 

(i =l-n) \t % ««-/-FVcciW*-/-F©IB 
CCS:i»K:ia90K:«KSn5p^ir*^MOS h^>^* 
^PTiteiUfPI ii, Htti^-FiW*-/-FVs 

s ©Hucsiieciiyacc^ttsna n ft^^o s f 5 

>i/**N I i &J:tfNT i *^0 0 MOS F9>S** 
40 *PTi©y-Ht rtSM— Fl 3 0aatcSM*S 
tl. M0Sh5>^iNTi©y-Ht rtSM- F 
13 0ab"fcffiKSft4. MOSh5>^>PI i is 

-F»c«»sn*. *na®-f>^-**««T*Mos 

h 7 >^*P I l*5<t<^N I loy-h^ 
F I N*^0"C*O7*it#ECLK*^*6ti*. S 
»a©-f>^-f (MOS F-7>b**P I nfei^N 
I n) ©a^^-F^Hi*^- FOUT^S»S*i4. 
[0 02 7 ] MOS Yv^isZZPT l^PTniJJ:^ 
50 NT 1 ^NTnlt -tn-Pti©^>^-*©K861HiU 
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TftJBTi. MOS h 7>^^PT 1 - PTntt^n 
-encoy- htC^JS^EV I NP£SW. MOSh7> 
yX^NTl-NTnlt *ti^ti<Df- Y CC$fJ®imE 
VINN*»*S. MOSh7>^*PTl-PTn 
MOS h^>^**P 1 <i#U> h S5-[H]S§£flf 
/£U MOS h7>^*NT MOS h 

^>^*£N 1 <h#U>h ^ ^-HK^IS^-r^o MO 
S h7>v^^PT 1 ^PTnCDlMX#MOS h5> 
is*$Y>2<D*)'4XtmCX*&>*), SfcMOSh7>^ 
X£NT 1 ~NTnCr>-*>fX#MOS h7>^^N2 10 
(DlMX<tgIC*§£«:tt:, cn6iC-&^>^-^ I V 1 
~IVn&C, MOSh7>^^P2fe«tyN2^l 

r ten £ mas igiD^^s <D««#»fpmss £ o trssn 

[0 02 8 ] SflfflimEVCO I N#LU^UD£*K: 

» % mos b^>s/^*N i*5*7«aRr*o. marc 

EVINPiajR«EU^i&0, MOSh7>^ 
*Pl*J:tfP2#*:7ii»£fc»K MOSh7>^ 
£P2^6^#«^Sftfcl*7c#, MOSh7>^ 
*N2t3|-7ttBift4. C<D«SS«Ctel*T % MOS F 20 
7>^^PTl-PTn*Jj:c;NTl-NTnttt^ 
T*7ttttitt 0 , SfiESK 13 0b IttlbfMUkftSfttt 

MOSh7>^*Nl©3>^*>^** 

<tcp, mos h^>^*p i *^LT«isfcWi»n 

C0DMOS>^>^**P 1 ^UTlfi«n5 
<b, CCDMOS b-9>t?X*P 1 *^UTStti4«a£tc 

a;cfcW»aEv i NP**£j«s*ift. mo 30 

mos h^>^^^p iZftLxfctizmm*. 

[0030] /S (VINP-Vcc-Vthp) 2 

ccr, vthptt, mos h*>yx*p i©utH> 
^^pi©^>^if>^atfto, y-m<ty 

[0 03 1 ] C<D«I1»WEV I NPtcSt^r, MOS F 

P2K4>«ifi#8£ft, MOSh7>^^N 40 
2©FU-f > <rt«M- F 1 3 0 a b) *>6<MWffiraff 
V I NN©«EU^U*>±#T*.. COMOS hv>is 

[003 2] £ (VI NN-Vthn) 2 
CCt, JKHrfKEVs stt0V±l/Cl>*. Vt'hntt 
MOS F7>^*N20li l^fflSff ?r^r. C <DfrJ 
WMKV I NPteitfV I NNCcSe-sT, SiSSKl 3 
0bCC$$*i4Siffi® h7>^*PT 1 -PTnW 
WTl-NTn4)Sa^TS B ^>^-*WIV 50 
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l^lVn*. c©*8BBF5>y**PTl--PTn 
fectCJfNTl^NTn^lSTiSiJStCtiEori&f^Urt 
SB-/ - F I Nfc-^jL&ftfc-^a 7 *{I-5|ECLK£iIg 

Lteats. ftijfflimffvco i ^wEi^utf-bs 

»U «HB«EV I NP©«EU^*HSTL, MOS 
h5>^*P2*^b-CS£tiSS8£fi* J ±SU. ICC 

T«K»F5>^X*PT l^PTnWtfNT 1-N 
Tn©^*4*lflMI»*>**-r*. 

[0033] -f>^-*i vi-iyhtt, z<omm 

6<D-Y>/<-* I V 1 — I Vn©WT4«gB*IH*s>h3 
<fc9, CCDXBBB1 3 Ob©Wr^iiS«Fffl*^< 
ft*. — «^F^>^**PTl-PTn*5«ktf 
NTl-NTn ©flWer *«rf¥«fl5*s/h3 < fcfttf, -f 
* I V 1 — I VntOttlA/- F<EtfEfifc^ift#{£ 
TO, I V 1 — 1 Vn0ttfPSa»Ji!<& 

0. I V 1 ~I Vn©«*£iI5PSrfflrt*** 

< tt 9 • JSDTil5i[5IB 13 0b ©WTSaBBWBW*;* 

[0 034] dlSSUSg 130b ©*rraiHP«B#Jfi< 
tttitf, - FOUT^itotii^ci ? tt, 

^©tittBtftitfWfcii*^*!*. il5iE881 3 0 
b©Wt-*iB@B^#fi<fcfttf, IH*/-FOUT«: 
* * 7 *«#<DtttB*Jii < 4. SOflPWEV C 
OINi*, 7*ft^ECLK:fcJ:tfRCLK©&tB 

^tcseoT^Rsnri^. *p**fi»ECLK©ti 
♦B#*o 7 ^ft-^RC LKct o 

fMffllWEVCO I N#^I£U^l'#±#?U iHHalttl 
3 0 b©Wr4iBS«FBl3& J S< Sn*. — 
fi^ECLK©(W*^O!;^OTRCLKJ:0t>a< 
KWffiVC.O I N«IEI/^*HSTL, SI 
SSslSSl 3 0 b<DWT4SS^ra*ss< cntt 
it), B*^- FOUT*6ttl*8tift«-*«, ^^7 

tclHS3*i/cfi^ rft*>"6, *P7*fI#ECLKK: 
WIKWl/fc(Ov>l/k)OTi4*. *o**«# 
E C L K tcfflnffl©« Ol>{f-^£ ffl*r 4ttJ8«: D LL# 

To 7^J Ltctmtffit. 

[0 03 5] 

tt^fflwai^-f u-f*?i 3o*w»-rsc£*cj:!K 

^ItRCLK ( i n t CLK) *£j£T*t 

COmEfttJ®^^ b>f«Tl 3 0t* % -f>M-* 
IV 1-1 Vn©»f¥iSflC*B»-r4C4«:J:0. rtSP 

iSlBH 1 3 0 b<DSAttflSUtKflta. MOS 
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Tiisnisa 130b (Dmz&fr&zffig.? s/c&tctt. m 

OS f-^>^;**PT l—PTn*5«fcCJ c NT 1 —NT n 

sterns . frmmzv i NP*$<ttfv i NNccg£o-c3& 

[003 6] S/c. iMSlSffV C O I NGDSEb-^* 10 

I/, $/c$lJgpmjEV I NNO^EU-^^fiTL/, CO 
Jl&lHlSgl 3 0b©Wr-53lSRFP5«r^#<T-SC<biii 

■C€f-2). l/#> e©«fc$&*t&i»£B$ia©» 

*fl1»mffiVCO I N©4>L>©^fb-CMO Sh7>y 
^$N103>? ? <%£itU (MO S h 5 

|t<g:{t-r-5) . SrUfflJSBEVCO I N©4>L©£-(tC*ll 
®«BEV I NPfcJ;yv I NN*^*<^kL/. 
h7>^fPTl-PTnto«fctfNTl~NTn©« 20 
i£^i£#:*#<^tU f&O-CiHEBBl 3 0b©WT 
•2>jl5P#P.3#:*£ < St<tr Site*. ■fr'gfenW* t tt 

[0 03 7] IfciS-it. C©S2 0tC7jVr<fc5&1SE 

[003 8] SDRAMtt. 66MHz, 100MH 
z. l 5 omhz ij®ffl3n-2>->^f-A©8Jj^a«:ic: 30 

[0 0 3 9] IMOJz'itjimmt, -fiS^C SDRAM© 
1*395*0 ? i'^IslKtcE^r. JfSMf-sflcisiJBLfcrt 
SiKf #£»£-f 4 D L L £ /cte P L L KfcHTISMSSK:* 

[0040] -en*?)*. C©#feBJ©gffJtt. 40 
©j§&&©ft-*IK:*tL£3£K:ci v *f*>c <h©Ttr5rt 

[0 04 1 ] e©&Hj©ffe©gtttt. J£ffi&ffiB©JHfc 
$fc©*fSJ*a ? £{f^K|5]8!L-C£SK:iti{'£T*l5l883> 

[0042] 

£©&tBM*t*tH-rs3M3<!:. *©8IW3nfc{itBgfC 50 
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[ 0 0 4 3 ] H*^2 te^irtgU* a ? £&£|5|8§tt. 
i>K •&<»©SW'P^* i {4*BMK:fS0-c^lsnia^© 

[0 044] lf#3i3tc&&rt2|5i>n?*#fc£le]S8tt. . 
1 ©ESStcte^-cftJfflHISli'a v *&£#IStt. 

- * n<Dmm<D © a*<t#% *- f w&m 

[ 0 0 4 5 ] it^B4 tC^irtgUf o 9 £|fe£0SS«. 
ii^311 &liL/3©Ci-3*n*i©IHSSCCtel,i-C. iBM*7 

[0046] 16^5 tc^irtSPi'a t» i>m£Mm*. 

•2>?fg|Si' a 9 ^ft-st©-*^ ^;i/St*^-rc a s u-f f> 
[0 047] sS^6 «:^€.(*3gPd7a 5. {?m&mss\t, 

r mtj-r s 6 tea*, s . 

[0048] fiStS 7 tC^S^^HSSB. ^ 1 ©^ 
■^tMlBm2©(l^<!:©{ataM ; &^ai1-^e<!: t C© 

»SB3M*6-»T!M¥t/CJH2 ©ff^tC+Ba-r?)^?: 
b-CC©iiii^P5«:>(=tL/3j-^-fe--' h£- i **£3l5i*7-t» 
[0049] jBSHfll^P y *&£.mwfiti?zim*$ 

£ £ K: J: 0 . C ©iiJifMiSJ ^ o v ^^^l3©Wr 5il 
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[0050] 

rtSP^as.i'^llffiB. KU&bfDZn y *ft#e x 
tCLK^y^T^Itii'Cisi'^i'^T 120 
<t. c©2>a ? 7t l 2 o*i?>co^a ? ^fi-^E 
CLK4t- bT©*- P«tti4^MO 

SHSgli. 4 to* 1 2 8#>6^A6ft£fW2P 

ievco i Ntcse-D-c-^ouifpsijsas-rfttofejffii^ 

[0 05 1 ] oJS^lSlslSS Hi. t> D f » V t 1 2 

lai. C©? 1 -/ IWSI^ 1 aCDHi^^S^iCilS 
«fvl/'/g ; flbi. *- F£J&<t#tfMODK:fi! 
oti'B^ifECLK, U-rfP^l a©Uifc<i 
ms^U^J WSS^l b ©ffi^l[t#CD^t* n*>«rS!R 
LTtEiif^ WfR^ 1 3 0©A*-^- F I N^fe 
STrSSSiRlHlSSl cfc^tf. 7 4 MS^l.a, 1 b« 
fciiUi-f ^iliilDSS. RCiBSElK«ci"C«fi£ 

[0052] cortsp^a ?>?&£mmz. m 

EMm<?4 WSS^l 3 0©tB;fc^-FOUT#>?>-5;L 
<E>ft-2>2»a v *{s-5t£;<? 7 7toSLrrtSPd'a v ?m 
f int CLK.<£/cliRCLK) ££jj£T h 9 a * 
A>77l22i. £0^0-^^777 1 22H© 
F*3gp*n?*it-s§RCLK (S/ctti ntCLK) t 9 
0?>;<?77 1 2 0ifih<O9U v £{f#ECLK©{i 

taM^m-r -sfii^ais 1 2 4 1 . fic+s^mg 1 2 4 

A>6 ©SHJfflUf-^/U P J: tfD O WN \XM ~> 

tiimtz?- 1 2 **-Vf#^-f 
1 2 6j!pe.©«*gm^;u-7 - 7 ^ 1 2 8K«fc9m 

[0 05 3] mffiNffllT^ U-fSR*-l 3 0«. 02 OK: 

Licifiix. c©*ij(aiSBEvco i Nwifieor-eotb^ 

Jc«3 . FW&d-^*MODteJ:»)l^;*ft/oiJiB$ 
Pia#*n ? Mf^ECLKK^ieftT^fffMffilr-f U 
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%m?< u-^^i 3 o©wr *)IMb$h#, c©pj^ 
-cs * * n y *m^<D$bimm&tm*^? c © 

■5. 

[0 0 5 4 ] 02 (A) tc^"f«i:^«:. ^. mEEiW®-f 
^ Wfg^-1 3 OO-^ASCiOT^-Siijl^Pa*. A 
10 tO ftU L-At lit*. S»$HA t 1 «. SSE^III 
AtOi0fcH-». «E*<]ffl>?w U-fJg-7-l 3 0«. 0 
2 0«:^-r«t ; 5K:, a«6©-f>-'<-i'JUr«BSS<ari» 
Z>. l/fc*Sot, tKDWEflW*** U^#^l 3 0©j! 

Ci©r#4m-^K?£»*SBK&£. — ^- C©mE 
ftW^-f U^^l 3 OIC^L. pIS!S5ilHl8S 1 

xpuy ^mn^BMr^m^. c©oi^jisiHis8i© 

20 7 4 IWSR^PI 3 0©#i-£.SiI^BT + At 0*C» 
LT+At lifti. C©*§£. -?-©jl5i^ra©tEH^ 

asiiaifgi tcj;o. ^<t#ECLK{c*f-rsss 

^^SS-rSCitCt 1 ?. rtSBi'n;>5'<t#i n t C 
LK (*/cttRCLK) <Dffl<m®m*W%g.?i>ttifi 
. -C#-2>. cntCfcO. ^SP^a-y^fl#ex tCLK© 
SStlftKjEDT oJSljliilelSS 1 ©•^A-5jlS^fia ; &^M 

30 -rzct it**). rtSPi'D »^»5aiK©«)f?sjga»« 

[0 05 5]-rftbti2 (B) tC7jV3"<fc ^ tc. 
7 JU3» 1 2 8#>6>©&H8l^iBEVCO I NA 5 lS< tti 
t . ^BESflSPT 1 ©S&fpmifo&s*: tf < ft 

0. ^©jlii^* 5 ^ < 2 ^i'Snfc^OtttH* 
ji5bSfc^©«)^5ISfeii<ftS. ^I^ilSlHlK 1 K<fc 
t)jffig^HT3&s^e>tiftt»ti^ (0 1 ©iSlRHSS 1 c 
*^U^^^ECLK«rS^-rSR^) . *<bmsM 

40 fflif-<u-{^i3o ©Kif^iSfa^uiEiJ f or^6 

ft*. —73. pJ^lglsISSl^iig^T^^ntf. 
^SEMtC^BEflJffllf" vM«fl'3 0 ©Wr SiiJl^Pa 
*S7^& < ft «3 . ^©Sb^g*^ < ft *) . mfffiJ®^ ^ 
\,41tPf- 1 3 0<Dlbf¥a«ttiH«»««F 1 iftS. b 

fcii,r, pj^jiSHSS i K<t o . as^T^ias-r 

SC t (C «fc rj . ttfEflga&flim* . n®2ayi?m^e 

xtcLK<Dmmtuc£i*xmm.?zc£ifiv%. e«5 

ftKB© f C3 ^ ^fg-^^jgatc a?* U/crtSPd' a ? i> 

so wm?z>. 
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[0 0 5 6] 03B, mi KnVT&tlfcaiS 1 2 4, 9 
*-^#>7*l 2 SfcJrCM"-:?*:? -< 1 2 8©M 

«, a2otc^-r«fij<bi5]Dr4>€>c B3fcfci»-c a 

ti&tfigl24tt, *?Uv Z^yy-y \ 
nS^D^IfECLK^W4^>^-^ IV 1 

>n>M57r 1 2 2frt><D?Vv ffmRCL 
K (£tc\Zi n tCLK) *»tt*-f I V24 

Stfo C©fitB^tti§12 4«, ^n^^fi-^ECLK 
^<tC/RCLK<D2Lh^r)<D{i*B«:Jt©L/, -e©{4tBS 10 
««6CTWai«E «I-*f) /UP*J:tfDOWN?r£j£ 

[0 057] {atB&fflSl 24tt, S 6>te, -f>'<-* 
IVlCDHi*lfi^<DllT^9 <*P?*fI#ECLK<D 
3Lt#9) lCt&gl>rHzy FSft. /-FQ2i/c»Q 
5CDm{4U-<^frCCCDTll-fe^ F£*l&:7 »J ?? # :7Ci? 
^'FFli, 7 U vZfVU yy'FF 1 ©tti;fcy- FQ 1 
©Hi;fr{I^cg£oT-k? h$^-oy-KQ5CDm{4tc 

7'J^7P^FFllt £M*§^3n*NAND[p] .20 
8SNA l*$«fctfNA2*£rtr. NANDBffiNA IB, 

I V 1©HJ*«#&NANDBBNA2<DIH 
.;&{B-st£*«W£. NANDBBNA2B, NANDB 
SgNAlODffi^ft^i^- FQ5_b©fI-S§ (y-fe? bfs 
-Sf) <hy-FQ2±©{I^<t£SW£. NANDHBN 
A 2^6, 2©CD^iJS^$n-2>-/>/^^lHl?SI V3 

*5<tcKi V4*/rbrtuajmEE/up^a^$n^>. 

[0058]7'J^7O^ , FF2(i, S^JS^Stt 
4 N A N DB88N A 3 fc«t ZfN A 4 £r^tf . NANDE 
BNA3WU y~FQl©f!-5f<2:NANDlp]8SNA4<D 30 
a*«*t*»W«. NAN DBESN A 4 NAND 
[51KNA3©tb*fi# (y-FQ2±©fI^) tS-Y 
Q5±cDfi-^i^SWSo 

[0 0 5 9] tttBtttiJSl 2 4B, 3 

ass i v 2 ©ffl#fg#©anF** 5 tcjfc* l> t -t ? f £ n 

^oy-FQ4i/d^-KQ5 ±CDfg-^^(40C{£ C X 

#tci£SL"cy-fe^ Fsn*:? »;?^a7^FF4t 

*tf. 7'J^7d-^FF3tt, ^^^Sn^NA 40 
ND0BNA6*Jj:CWA7T*JiSS*l % 7'J^70 
^'FF4B, 33attS£S*ifcNANDBBNA8*$J: 
CfNA9raWt3tl*. NANDBBNABtt. 
- *BSS I V 2 oa^M^i N A N DBBN A 7 ©W£ 
flPt&tSttS. NANDBBNA7B, y-FQ4± 
FQ5±©«#4NANDH»NA6©U 
*ft#i**W4. NANDHBNA7*6^>^-* 
BBI V5*^LTlW»«EDOWN3WtH*S*i*. N 
AND@KNA8lt FQ3±©<s-^tNANDB 
BNA9©U*«-94*SWft. N A N DBBN A 9 50 
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tt, NANDBBNA8©H£to«#4^-KQ5±©« 

[0060)ttffl«aigl 24B, y-FQ 
1. Q2, Q3fcJ:tfQ4±©«#*SW. *ttfcflM- 
ifilr^XH l/^JKDi^^- FQ5CCL U^;UOy -b 

* Hl#«rtH*r*NANDBBNA5*«tr. -/-F 
Q1H *D***#ECLK#HU^l4caLh#S 
<t, HU^l4CiLh**2>. >Py>fifRCLK*HU 
^Jl/CCSLbPSi, 7 , j57 , 7077 , FF3^-fe5h3 

nry- FQ3(D^{ifcHu^<^tc2:±^s. 

7d^FF2*jJ:i;FF4lt **vWi-/-FQ5© 
a*«-^*Cffi-3"Cy42 5r FSft, y-FQ2**J:C?Q4 

NDBBNA5B, Jfc«S**<fc&S*C2 v Zfi^E C L 
K*«tCfRCLKOiLh^»)*J4t>K:J*A6*iS4y-fe 
v FM#*y-FQ5±CCtb*L, fjHJSimff/UPfcJ: 
tfDOWN*y-te* F*T4o 
[0 06 1 ] c©fft«fcfflBi 2 4©^fcoi>rtt« 
*P**fB#ECLKfc#OTtt 
^7d97TF l*$cky r FF2*s»^6n, *n 

* ^d#R C L Kfcfct UTB7 «J??7D^FF3to 
^FF4We>n^>o 7 I J-^70^7 p FFi*Jj: 
OTF20IWMW4. yV9-?VUV?FF31sJ:Zf 
FF4<D«tt»»«EIC-C*4. U^t, *n?* 
fl-^ECL K©fitt@# ^7 D * ft -SIR C L K <D<4tB<fc 0 
fcit^l»4»^tCtt % 7 y 7^7D^FF lJWfcK 
■is* FS4VC, «««EE/UP3&$att«B4Sti*. 3B 
Kl , > n * * R C L K ©fltfB *5*u * ^MfECL 
K©{m£9fcii^t>£^K:B. 7>j^7p^ 

F F 3 tfSfeKHz -^Sn. D OWN^gttttS 

i$n^c c©»W»«EE/UP4aJ:CXDOWNtt. r£tt 

#>yi26tcJ:D, CO^^^WWtaWEE/UPtocfc 
CJfDOWNOgttfflHKlJSCt, *P?*ff-5tECLK 
4d<t^RCLK©ffifflMCCJ^D/c«SS<D^aS«r^tt 

[0062] ^ 1 2 6B. ^i®y- FVc 

c4ffi^y-FQ6©ra^tt? | Jcc^3n4m^aai s 

-FQ6 4Sttfey-FVs sOPJltCitJUKlSttShSn 
^t^l/MOS h^>^^^NQ*$J:^ma?SI S2£ 
Stf. p?t*;l/M0SF5>^*"PQBt®y-F 
tc«|ffll«EE/UP«:SW. n?t*^MOSh7>^ 
jiNQtt. *©y-F«C«ISP«EDOWN*«*». 
tSimE/U Pfc<fcO*D OWN^ffitt^i S^i€)«8Pa 

^a?r*fi-9ECLK*5j:c;RCLK©ffifflSCCj£ 
Dr43 9, MOS h7>^^PQfc<tyNQ©t>tt 

#oT>>- FQ6TB, ^d^^^ECLKfccfcCXR 
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fr* 1 2 8tCj:0mfffSfB«:gJftL,T$lJS!§avCO I 
[0 063] ;U-^7-fJl/^l 2 8(t ^-FQ6<bg 

*«ff»«c9gjw-a. <ata&msi 2 4<Dttff 

tCOli-C04 (A) *5<fctf (B) £#SSLTI&0JT£e 
[00641 04 (A)lt *P?*fI-5fECLK<D{4 
£ p v tm^R CLKiO fc W S 

•fe v h ttttCC*Jlr»T A * I V 1 (Dffl^^ 

HU^t*^ NAND@KNA2<Dffl;ft^##HU 
^;l/-C£>^ y'-KQl^ LU^CC**. > / — FQ 
2«. y-fe^ hS.hr*J0. ^-FQl©«ttU^ 20 
LU^JU-C^O, HU^;UCC^>^ e R|« v -/-FQ3© 

^i/tcfti. CQtfc*ifc::fol>Ttt. WffiWff/UPfcJ: 

[0 06 5] «FSBIt 0CC4jC»r. *P?*fI#ECLK 

y h FQ 1 0«(iU-<JU3&JHU^<^«:aLi:*S 

£ e KQ10«ttU-<iU3^HU^<Jl/*Ci[±3^*4, 
N A N D 088 N A 2 OAAMW^t H U"<Jl> t ft 
0, *flW«EE/UPa&SLU^b«:a:T3Wi. CtlKJ: 30 

F7>^*PQ^>ttfiift5, Wis- FQ6^ 

[0 06 6] »SE0t 1 te*t>T*P**fi#RCLK*5 
H U^;l/fc:fiLh**S <b % V V v V'V P ? 7*F F 3#-fe ? 

y--pQ3 0*tt#HU^cjl/(CjLbAS«. CO 

NA N DHSSN A 7 ©W^lft^/DOWN^L 

£T#D, »lffllKEDOWN*SHU-<Jl/tt:SLh3W4. C 40 

ncc<to, i 2 etciiivc. n^**;u 

MOS h^>^*NQ#MU S 1 *>6><D 

mffi^, MOS h7>*^* PQWc;NQ*^lt« 
SMI S2NfctU ^7'7^^12 8©gl^C 

U^WC3Lb#£<t, y-FQl, Q2, Q3*J«tVQ 

4(Dm{au^;u* 5 "r^rHu-^^i^o, nandisiss 

CCJSSL/T. 7'J^*7D^7'FFK FF2, FF3 50 
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*5<fct/F F4#T^T y-fe? hStl, C©^-FQ5© 
«ttl»T«C»T iN AND @8§*5<fc fctt-f 

IWai«#/DOWNaWHU^JCStJb#0, ->-FQ2 

[0 06 7) B*$lt 2fC*»l>?> JD^fifECLK 

«#3ftSHU^Ui&0, NANDI388NA 1 iPhS— F 

FQ 10^{4u^;1/*5LU^UK:1lT3&^4> 
7D^FF2*J-fe^ hSn, -/-FQ2CD«tt**HU 
-c;l/6t;SLJb#£ 0 FQ4©«fiW s -'- FQ5©«ffi 

[0068)^ BSSflt 3fc**l>T. JD^I^R 
CLK#LU^UK::£T#££> -f>^->HBI V2 
OliJ^fi^tfHU^l^fcO, NANDHB*6^-F 
Q3^tlS*3ti5<i#3&JLU^;l/tciz:T^0 <«#/D 
OWN#HU^JWt£>£) % y y-?7U?7F 

fcSLb&J*. C <DB$S9 t 0 - t 3 ©— *D»ft«:<fc 0 , 
* P ^ * (s-Sf E C L K *$ J: tfR C L K O&tBMK: JfcO tc 
•WWBaEVCO I NOIffi*S7r4. 
[0 0 6 9 ] B$Sl|t 4tC:fat>T\ WV&UvZm^EC 
LK#H Is'Olfc.iLk&Zts 7»J?^P7?FF1 

±#£. C©^-FQl©«{au^O^*D«Cj£S 
t/c. *0IB«EE/up*hu^juk:S[±^*. £p?£> 

{I^RCLKteLU^Jl'te&£fc#>, 7Vyy'7Vv7 

[0 0 7 0] B#SU t 5«mfCC*5Ci-C, 2Uv>?m j %F.C 
LK^LP^tcHT^oTfc, ^P^^ft-^RCLK 
«L 7'J ?7'7D -;7'FF 3*5<tC/F F 

4©ttSStt^b0rCittl^c*, rtSPy- FQl -Q4 

[0 0 7 1 ] ^fSiJt 5tt*a>T, ^p^^ft-^RCLK 

yh§n, FQ3©«tt#HU^;l/CCSLb36«5. C 
©>-FQ3©*{icC)jL±:3W0«:jeSLT, NAND@ 
S§NA5^LU^CDm^?:y- FQS^Ul^L/, ^y 
-y^P-;7*FF l-FF3*sy-b9 hsn^> e ^ntc 
WmE/UP^HU^JUtCALi^O, S/c$0ffll 
mE/DOWN^Lu-<;i/U:iz:T^^>o v-FQ5±<d 

(DmtiL&L U^WCSET^ii, y-FQ5±©LU^< 
;UCD^tC<t0 y-&? hStitlifc^- FQ2<DLlx-< 
HU^CCiLi:^^. CO^-FQ5iO'J 
-fe^ Ki^tcJ:^, FQ4 0«(4-U^#LU^JU 
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©IB©* D ^ ^§§EC L Kfccfc R C LKtfXifBMte - 
£ i; fc^1igOT#5c 7 f * o 

[00 7 2] B$gflt 6fc*$Ut\ ^o^ifECLK 
#H U-<JUCC5Lb^€>i v 7'J?7'7P-;7 , FFl^t 
FQ lOmfiU^^^HU^^CCSLJi^ 

[0 0 7 3] ^F^Jt 7te*5l>T, ^Pv^RCLK 
^LU-<JUCc3;T* 5 2><b, 7y9^n-;7'FF3*iJ: 
OTF4^'J-fevh?n, KQ4£>m{4#H 10 
;k KQ3©^{a#LU-<JU<tfcS. ^-FQ3© 

[0074] ±iZl}CD<fc5«:, *P?*{t#ECLK#* 
*©tM*CctfCtel«IBWOTEE/UPWStttt« (L 

1 2 6&*<Dmmic 

j£Cfc«i**«Jl£U ^-^7 ^1/* 1 2 8CCJ:0/ C 20 

^r&o O/c^ot, *<DfiM«k:j»DTW»«BEVC 
O I NOWEU^i^WBSti*. 
[007 5]^4 (B)tt, ^a^f^RCLK©fi 

^p'^FF l*5<t^FF2 0Si^@<b, 
7 p * F F 3 F F 4 <Dj£«BK«ttR Dr* S . 
Uc^-jt, £n^M^RCLK©{atg#*P?*fI 
#E C L K <Z>{4tB<fc K> &SA/Cl>ft4tetCtt. Wlfflffi-* 30 

£o ^P^^ft#RCLK*Jj:^ECLK^<i:feK:HU 
"<;U<!:&£<t, y-te* MWII£3ti. fiHJSJSE/U 
PaWWJEJWnBLU^Jl/OffittttttiSn, * + 
:/l 2 6 6 ©SWttflFifM: § * £ . 
[007 6 ] Z<D2Uv2m^RCLK<D{iM&2Kv 
*«*ECLK(Offl«J:0*>Ji^^a»*«ctt. S»JSU 
lEDOWN^HU^ittO, ft-^>7*12 6 

0, ffl*^- FQ6 I S 2*fitmri9St1£ 40 

tf&SL, )V-7'7 4)\,% 1 2 8cD^a»^-CaCD^ 

m{4£{£T;*-tf£o -encc<to> wievcoin^ 

mEl^t^i&TU WEWWf 5 ^ Isjm+l 3 0<DK) 
fWtt*fi*U J6cr»fPiStt*fiTS*r, *p? 
*{I^RCLKCD{atB£iS6tfSo £©04 (B) KItS 

?mm\z* M4 (a) «:5vrajeiBK:*a>-c, *p? 
*ft^RCLKte<fctfECLK£A&A., WWIEE/U 
Pfccfctf/DOWN£A&;i, S/cy-KQ3fe<fc^Q 
4£^tt^*i^- HQ 1 teJrtfQ 2 iAft^^C <t&cj: 
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[0 07 7 ] &*>\ S3«l*5liT«. [iffl^ffiSl 2 4 
2 6*5<tC/Jl/-^ 1 2 S\t. rta^BBtfll 

U^F-u^^ K;l/-7* (D DLL) W^tit 

«><fci^ tamtam 1 2 4<ommt* nandm 

^'J ^^P^m^ffi^^, «lJ<D/c<!:x.tf- 

f§ECL Kte <fctf R C L KO^MA^CMHWtK 

[0078]$/c, SEWQifw iWSR-ffcfcO-C >? 
p ? *{f-5f E C L K J: tfRC L K©(4tB#-S: L/clg 
£ <P?*L?ctft^©<b#) , ^-FQl-^Q3aW^ 

U^I/iSn, 7 y v7 r 7Uy7FF 1— FF4#U*te 

UPfc<fcOV'DOWN«:<t*>K:H U*<rt/*Ji#U 

-J*. $iJfflimBEVCO I N«f©iEl/^?:{^tip 
tftteJ:^ S^fc^^n^fl^fcp ? *b/c ({£ 
ffl^b/c) rtSP^P^^ft-^RCLK i n t 

CLK) ££f£-r*t<t#-C£S. 
[0 07 9] [KWWlMSte. C©*l8©IBftOJB« 

sEsoaifw i"4m*i 3 ootaawirtaj^n 

^RCLK <£fctti n t CLK) *4ffit^^P^ 
/<-;77l2 20W, F$Jlfe<5#4>MODCCfiEo 

-So ffe©t#fiS«* Hlfc^-^J5S£IBJi;r*iK 

2 0^6©^P ^ ^ffECLK^lEtiPf^ 
?1 3 0-iSS#^6n-2> e CCDWaEittP^-f u 
13 0tt, JV— 77 Ah* 1 2 8^6CD$0iSmiEVCO 
I NCcSf^rtiJtaimEV I NP^V I NNi&Jt 
^>^U> h 3 0 afc<fctfC<D#U> h S 5 

—[HlSS 1 3 Oa^^OtEV I NPfc£tfV 1 NNC£g£ 

^T*o»fwaE#n»sn4tt»©-f i v 1 

-iVn <D?i}&^tsm}m& 13 0b *Stf . C OdlS 
ElKl3 0b«, 5 7-iBl 3 0 a^?)<D*lJ 

fflrnKV I NP*jJ:C/V I NNtce£o/cilSB#P^?:fco 
Ttb^L, *Or**-9ECL-K(Dtt«*«Bfi-J"4. *I 
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[008 0) &±<DJ: 5ft. C<D&y}<Dn&0>fcB 1 tC 
fcS). rt^*n?2f££[18§a5ci7i'-r2>Ci©T-*-S 

!!&©tbf£ Ja&$!« *Ia < r 5 C £ #x- £ i. 
[0 08 1 ] [jUS©Jggl2] SDRAMCDf 10 

^'JiHR*'- H 14 a. *J<fc^Affl^@K 1 1 6©tiMX 
[008 2 ] y^y-feJUT W 1 0 8^*51^X13:. J* 

y-te;n o 8 a*^f*j<fcu^'J©- ; 5' h 'J **tK«:lB?U£ 

•OCDtr^r h^BL=&f^fi!jtC*-r. >*y-fe^l 0 8 a 20 

JU=*+A->2MC5:fcf f hgBLKggSt5n9 : t*;l' 
MOS h5>y^^"C«lfi£$nSTi'-fe^ h5>^** 

>^(SA) 1 0 8 b**I2gS*l*. C©-te>*7>:7 

( s a ) i o 8 b mmfc<D v-jy mMo^m 
[oo83] nmvmm 1 1 A^tmnrnv^r'- v 

1 1 4 ali. ytyWlz-i 1 0 8©-&fc^ 30 

[0 084] Ambuss 1 1 6«. tommm?- v 1 

itI-r*7"'JT>7* (PA) 1 16ai, f*3Ui>Vv?m 
^<£&r>XWT^7 (PA) 1 1 6 atCfcOifnUStl . 

/c^-^^mm^-rsm^isiKi 1 6b*st?. c© 

Wrist (PA) 1 1 6 a*>e>tti2>[I]8el 1 6 bCCS 40 
■2>SP^©«fi£K:oC»-C«. ffiS©»fi£?rWfflf 5Ci# 
2 bff h©^ J &y-fe^-^'&PlB#(C3M!RL,T 

tr? h 7' y 7 :* ? ^#5£j ©ffijj£#flH>6ftTi>J:t>. 
$/c. ffi^lHlSSl 1 6 bK*$l>Ttt. ^Hi^F*9SP 
i'D 7^<f-^tCl£^bTJlH^C©7"yT>-?' (PA) 1 
1 6 alcJ:K>i%<ta21ntc'f-$*:'<'< -f >SWCR 
iMT-5$*£#E^6tt-t<£>cl:l». ffl^lslSSl 16bte£ 
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[0 0 8 5] 07«. aetCiiVrSDRAM©-? 1 -*^ 
v> F#-5jt5>*iS£, -?-©<b*|pJ^K:^P)^/df7 
u*«*»cj;9»£S*iktTK:»iW-*?- FigWL© 

am<Dv? hn/BLtcsti&dti. hz>^t>7 - (s 

A) l 08bicJ:OWn. ^te^tf-??? 1 ;**-!*. 

[0086] yw,»-c. f'-^gitb^jg^-ri y- Fav 
fi-^Kffio-cwawttfiawtftttoti*.- c©y- f=iv 
y-bji/Tu-/ 1 0 8©**j£©^*y-fe^©? r ---*a j A!ti 

2J0S81 1 6"^FX.6ti«. C©Affl*lelSSl 1 6«c*$ 
urtt. 7'ut>^"(pa) 1 1 e atck^^-ty-fe.^ 
^-^^•W^tifca. W^lHlSSl 1 6bt^l/T? t - 

>F«, S DRAMfCfct^TB. Jf-S|52> a r> ffM^e x 
t CLK©aLh#*>fcl3l«8U-C-5*.e>ttS. y-F3-7 
> ^n-CJ^eWStif 5 - ^*5ffi*3*a4S-C©^ 

c©ca s u^f->->-«. s 6 wi^-r-r- ^Mtaeptc 
*5 1, ^tjijsir®)^^^^ -3 x*> h * * y -fe ju f - ^ * a 
ffi^ieissi 1 e^br^-^Affi^^D/Qtcm^ 

gtODRAMOCAS7i"fe^*^ AtCtl 
^T-2>. 17Kfct,»Ttt, fl-SBi?n ? *(i-Sf e x tCL 
K (A) ©Jt^CCttCAS U^ir>^-«3tCSS3n 
•5. 

[0 08 7] fciA«l 0 0MH z ©2? O s> fii#(cS£ 
^rKb^-riCiC-C^-SSDRAMtCfcC^-Ctt. CA 
S U^>i/--a*3 i'Cif 2»-y--f ^^©ti-^-tCB, 10 
0MHz©IIiS{a-C«)f^Itig-C*?, o S/c. CASU-f 
•7 i >^-*52 2'Pv^ , y-^i'^©it«. 6 6MHz£ 

1 0 0MHz-CSM'F5JtS&SDRAM©7* 
■kZZ J &ifitct*.H3 On s iT^i. HO-^t 
^ 4» 10nsO100MHz ©i^SPi' D v 

UviP^-A t>)\>ifi \ 5 n s©6 6 MH z (Dft&fU v 9 

m-^vm-sita. cASu-ff>^-»2*n-5i't& 

£„ L1cifir>X. CAS 3 ^ay^tca 

SSn/cH^tCB. C©SDRAM«. lOOMHzg 

T©sft^jgj^wpr-2>c<t*is*$n4*s. cas 

U-(x>^-**2 v Zlc&MZtltcS D RAMtt, 
gA 6 6 M H z CDMff MMRTttfrr 5 C i ^S^? n 
S/cWr*2>. C©S*«. S DRAMF«3gi5K:St83n 

or. CASu-/f»-* i 2 27a 5 -2'-y--< , *^M:gS:S 
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[0 088] Wc^t t COCAS u-ff->^-«« 

[ 0 0 8 9 ) m 8 tt % K«J»m#«^SB©»flc*l« 10 

&Zf*&&<DT FU^ft-StfcT* hAdfcStt. rtSB^p? 
n tCLK (RCLK) fcH8LT*<Dtt»* 

-^104i, :?^> Kf^n-yi 0 4^6©'J- F» 

jkeibi 1 4*wi/rf ff --*tttticc£ja!awapt!ftt 

5RHKW»[s]Bl 5 0£* 3v>Ff3-?104^6 
CD^fc- KU^**-fe? h h »J*ft#* SCKjESbT. 20 

FU^*£ 1 5 2tCttT2>7-$&&/mtHW)r?& 
MM?* \sV>7s *%Wm& 1 5 4 SrStfo 

[0 0 9 0] CO*-FU^^15 2tt, U^**W 
9BB1 5 7 F U*A*«iFADD«C 

^*6tifc«#«r*-FJB3et»*iUT«lftr«. CO 

^t- fus*** i 5 2KttM3tifc?*--*. 

-^hS^-*, CASU^>S'-? r -*fcJ:WJ7 
FU^»b^-^>^flttR3&«RttW»HB 1 5 0^4* 
COT- FUSx** 1 5 2 36»60CAS U-f*" 
>5/— 7*-***- F^f*MODil/'Cfflffl'r 30 

■[0 09 1 ] H9tt % C©H8«:Str*-F«ttOT>8 

CT, H9C&btvCI* % SDRAM#2o(0;O*S;* 
* % m>91»ms97 FU*fcT* hBAfcJ:«3J§5eSft 
£ e */c. ?t7 KUX<tWtf» hAO-Al 0<D1 1 

ao-a9cdi o tr* hr fu*t*s. 7Fu*tr* 40 

[0 09 2] S DR AM&Ctel>T\ l>r*l*©><>*** 

F*-M.T *®f£ttttftD'<> d> * 7 y * * -^tttBfc 
®i$#^ 0 ?'Jft-y37>Ftt, S9(D^P^ 

x t CLKOSLh*0x^5/CC*$UT, a«57FU*X 
Fa-:/ft#/RAS*sJ:tf5 4 Mfr-^Ht'^/W 
EfcLU^JWCREU 37A7Fl/^^FP-^ 50 
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/CAS£HU^fci^UPOT FUXfcT? hA 1 0 
*HU^U«KET*. '0*7 FU*tf» hBAtt, 
«»?«»©^0*«:JSSr*. ^'Jft-^7>FIC 
«6oT\ 3^>Ff s 3-yi0 4©W»©T«:» Wi« 

[0 0 9 3 ] l>t>*5>4RAS7'y * + -^13HD#g» 
L. SDRAMrt^^y^ + --2^R«K:fWi-rit. 

*p 7 *-y--f*ju# bcc*jir»ru^*H2^ h=iv>f 

3&^iL6ti4. U^^-b?h37>Ftt, C<D*P? 
s?D-J?)\s#b<D9Y%lU7 0y?m-%e x t CLKOlLb 
*S0x 9 5/«:*Jt»T, tt»*J8MI-9/RAS* /CAS 
* <t tf/WE St^t L l/^l/«CBSl*07 FU*tf 
?FA1 0*J:l?>O^7F^t:? hBA4LU*<Jl/ 
«cSH£"j-*. F=3*7>F*sJ§3ESti4i, 
nv> F^-^l 0 4^6©l/^^tf b b »J #<1 
f(/)SC3&iffittttSiSn t U^*IWPBR15 4# 
IffiltX. KU^ > 1 5 2*7 FU^A*WA 
DDtc«jft-T4. CCD7FU^A*8?ADD©5t7 
FU^fcTy FA0-A9 CC»itr *AB*«W*- F 
\,V>7,Z 1 5 2rtCCd**l*Ut***l§IBec«lfcS*l, 

hIf-^J;C;CASl/>ff»-f-^^i' 
OS DRAM*Sbf^$#SOCC^<h$n^7 r --^MO 

[0 094] CCD*- Ylsi?7s$ 1 5 2^ i &gfc? r -£ 
tfttttStiSi, ^0?^f^#ctC*5l»t7^f 
^ :/nv> F^i6ti, TFU^tf ^ FA0-A1 0 
*stfTFU^fi#4L"CWii*ti, ;<>£7FU*tf9 
h B Ate <k 0«SSnfc^>^K*^*tTa»»fl^Hi 
i£$nSo 7^f^3v>FmWt^6, l>*> 
»9>£ rRAS-CASSBS*WtRCDj JMtt«Ut* 
p * **-f dtcteur y- F3"7> Frt^*.6tt 
C<D-y-Fav> F#*JL6tl*4 % 7FU*fcT? 
FA0 -A 9«9U7 FU*«#±bTBta**i. ?'BM^ 
IMTPaWTatoh*. CASi/-ff>J/-*3«8*«: 
tt. ^P 7^1f>f^Jl/#e^65S3Er-^ (Q) j^^p 
y ^ex t CLKOSLbWQCCWJBO'CIIPAlB*? 

[009 5] CO^Er- FUS*** 1 5 2K:ft^3n/cC 

rfij^TSCitcj:^, jfe»oiElB*tt»4Cite<* 

SCi^Sc ^e-FU^Xir 1 5 2CCMTS 

£Bttf-»4>ttMtt % SDRAMCDfl«BBSBES/--4r> 
XtCfe^"C?T&te*i-5. COT- F«fflM»#*MOD 
tt % CAS U-ff->5/-aW**" SBB$n*Ni 

T. CA S U^^>^>-^3 y 90M^HCU % >?V 
vtJivVr 1 20frt><D9Ov ^©#ECLK^S!R 

@bi c tCct»3iM!Rsn-cmff$-fl®f r ^ u-raR^-i 30 
^e»n5o CASi/-/f>^2©Jt^tt, x 



(14) 

25 

-f HS^-l a^fcttl b (DttiDm^ZiSiR OTflHESfl 
ffllfw U 1 3 0—5*.*. CA SL-ff>->- 
tt, 1 *a5>2-»^ 4>->k 2*05*^^. 3*d 

[0 09 6) mEtmrnfi wsit^i 30© 

i!5£B$Bg©®Basi On sW>t5 0 s"C*0. *- F 

i> nJfSfcttmSi&ffctf 10ns4l>l50ns ©«5B"C 
i>-oicUh. CM 1 5 n sftl>l,7 5n s ©SUPERS 
©ISB (6 6MHzftt»0 2 2MHz) {C^TT-SCi 
# * ( ^*M8iSJ23£^©aj;£i<I-5§« . *ay*m 

TtfttfiOfcatre**) . 

[0097] fc*J. C©*- F i£Sfs -*!■© tcVXDf*- £ 
ttCASU-/f»-f-JiT^<, #^©-r-^-C4> 20 

[0098] J£Lb©J: 5 K, C©^cr>Hife©^SI2 tc 

•rsfca?)©*- .F«j»fl|#t. CASl/^f^-f- 

[0099] tnifi©jB«i3 ]iiott. c omm<on 

JS©»S§3 {CS6^ pJ^jUIIhISS 1 ©«K4^t0T* 
*. 01 OKTfcOT. pJSSgJIHSSl tt, 30 
»g«IIV refl, Vref2 *J<ktfV r e f 3 
■Jra-^l 5 3*>6©*- F^fg^*MODfCfi£-3T 
jSWL-CSU^Kib-cai^-r'S-feUi'f 1 ei, C© 

tu^^ie* e>©*UffiimE v c tcse o r <omm%rn 

**|g)g£tt£SEB!HJ®>I?®S881 d*^tr. ttEfflttii 

sihiss i d«, wEsm?* u-f^i 3 o tmmott 

v *ft-5tECLKD£r5*.*. f3-^15 3B. 
FUi?** 1 5 2t£^$tt*CAS W-f-l'i'-er-* 40 
CLif3-FU *-K«tt«#*MOD*4J5W 

[ o i o o ] com i o (CTjvrDjgisssnsg 1 ©$»&© 
r**. coMwuivctt. CASu^f»-f- 

JCUfa- F(sra6ft&*~-Ftt8Mt-9*MOD 
tcSEoTSIimEV r e f 1. Vref2fcWVre 
f 3*>6iMJR;*ftTHJ:k<***. LfejP-j-C. COCA 
S U 4 -r > >- KJ£ DT JE?IK:u*g<t $ *i * jl® B#fa * 
taSTSC 50 
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[0101] [^Htfl] a 1 1 «, C©#S?8©f{«e©J& 
S3 tcfif 9^iE©518S©^H^l©«fiS*^-rB|-C*) 
5. c©ai l tc^f«fiS«:*5Cjr«. *-fu2ax* 

1 5 2*>6©CASU-ff>^-f-i'CL47tciy 
fg$Ett3r!&?*D/A 2 1 5 7KJ:r)*iJStmE 

VC*^«$n-S. oJ^iBSlHlgg 1 tt. C©D/A3> 
/I- * 1 5 7*>6©$IJa)^ffVC«:S£oTSJii)6n-2.S 

{I^ECLKD*£j£T*^EEfti83!&iII1881 f <b. * 
-FUJ^** 1 5 2*>6©CAS U^7 L >->-f ; -*C 
L^r=i- FL^rJ-tSn 5 3 *>?>©*- FtilftflW* 
MODtcftoTmffiMSpjlSlElSSl f <D&t){m±2a 

[0102] D/A 3 £ 1 5 7 5im©D/A 
ffl*^- F©fa©3fe?>J«:S^$4a4MOS h?:^** 

tHi^y- F^tti'- F<Dm<z>a$iX?-?ttJS3ti£ 
»). $ij®mEvc©sBEu^i' ; fe±^§-i±. mEffimm 

5511881 f ©i!i£!$fifl*r*H<-rs. *- F*58»fflMI*M 
ODB. C©*a v^m#ECLKK:*tL,ilS*-¥^S 

0—5**. C©;W ? ^[51881 gtt. SfelHiliaiO 

^•i 3 0©^>;<-*3*J©isafc#{s&$n, «E«nps 
jsih188 i d <d**7l h mmfnttmsaz n. mmmtcmm 

[0103] C©@1 1 K.7fr?mmc&*.l*. D/A 3 
>/<-$*ll>TCA S U-^>->--f-£CL£-r:3 
-FUT^J^ffVC^fiSL-Cli-S. VtclfiiXCO 

m&fflmmimffi 1 f ©K)^sg*^ST'5./c»©s!g 

mE*^S-r-5>[Hl8S* i ^FS£%»?. IsI8Sc6Wffia*M£« 

[0104] j&*jc©s i i tc^-rflifi£(c*jt>r. *- 

FU^* 1 5 2©ffl*d-^*f r 3- FL. *Of3- 
Ftt»#D/A3^<-> 1 5 7^A6ni<k^{C« 
J$3*rt*>«H>. FU!^X» 1 5 2(C&JftSft4C 
ASW-Zr^-f-i'CLlJ. 2jtU-CCASU-ff- 
>^-*5tSSSn*^EEAi^Sn**5. SCASb-/f 
>->-£]£i;ft:l tf-y h©**st§tttK^£$tl4«t5«: 

ca su-{7-»-f-s tftas snrfc <tc\ 

[0105] fel±©<k 5 iC . C ©^BJ©j|JS©Jg.@ 3 {C 
S£*tf. pIgil?il5I88l{c*Jl>T. ^E$iJ®ii}i@88^ 
ffitiTii5lB#ra©^7-b9 h?:*W-2>J:-5«:«fiSL/Tli 
ii^©-f>^*-*?'J?rfflU-C3iii^?:^-r 
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[0106] [mm<D&m4) mi 2 a. c©f«3©ii ■ 

'^BBO&tffc^TttmEEMSl^-f U-YS^l 3 0 
©A^SBMJ. CCmffiHffilTW U-YSg^-1 3 0©tti;7J 
(s#?r*- K^<t-^<*MOD«:(tfoTji5i-r-5.pJS!ji 
3SS8S1 0©UJ;fr{I-!|#-5*6*lS. -Tfttofe. oJ^S 10 

jssisgi o*j<tc;^ESifia)f r -v u-fx^-i 3 o*^u-^ 
4«fiSrr-5. ffe©»fiS«> $fe©fiife©JBS§ i &i>l-3© 
-e-n ipi or* o . *trt.r 5§P»«:«pi— ©#K§-*t* 

ttt . C ©B 1 2 &c^-rrtgB£ a 7 f 2&£[§I88©flJli£ 
«. t^«9>-£)7x-X • n?> K -^-7* (PLL) "C 
*-5. ftffitfctaSl 2 4te, ^avl'i^ECLKfcJ: 
CfRCLK©fi*BM*«ltti-r4.> + -^^>7-l 2 6 
feiVA-^ -fJU* 1 2 8(CJ:0. C©14*BMKJ£;D 

fcfwap^Evco i NjWBESflfflifw wg^no© 

*U>> S-7-08S1 3 0 a^4i6ni. C©*U-> 20 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an internal clock generating circuit 
with a wide operating frequency. 

SOLUTION: This circuit is provided with a variable delay circuit 1 which 
provides a delay offset to a delay time of a voltage controlled delay element 
13a selectively according to a mode switching signal with respect to a 
voltage controlled element 130 whose delay time is adjusted according to a 
phase difference between an external clock signal ECLK and an internal 
clock signal intCLK (RCLK) and generates a signal equivalent to the internal 
clock signal depending on the adjusted delay time. Thus, the operating 
speed of the voltage controlled delay element 130 is equivalent^ slow by 
the delay offset so as to shift the operating frequency band toward lower 
frequencies, and accordingly the operating frequency band of the internal 
clock generating circuit is widened. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the synchronous semiconductor memory which operates from the outside synchronizing with the external clock signal given It 
is the internal clock generating circuit which generates the internal clock signal which synchronized with said external clock signal, and is 
given to an internal circuitry. A means to detect the phase contrast of said external clock signal and said internal clock signal, A delay 
control clock generation means to generate the signal which can change a time delay according to said phase contrast, operates according to 
said time delay, and is equivalent to said internal clock signal, And an internal clock generating circuit equipped with a delay offset means 
to give offset to said time delay according to a mode setting signal. 

[Claim 2] Said delay control clock generation means includes the train of two or more inverters with which each operating current is 
adjusted according to said phase contrast Connect with said inverter train and serial and said delay offset means includes an adjustable 
delay means to add the time delay set up according to said mode setting signal to the time delay of said inverter train. The internal clock 
generating circuit according to claim 1 where said external clock signal is impressed to the serial path of said adjustable delay means and 
an inverter train, and the output signal of said serial path is equivalent to said internal clock signal. 

[Claim 3] Said delay control clock generation means includes the train of two or more inverters with which each operating current is 
adjusted according to said phase contrast. Said delay offset means It was set up by said mode setting signal, carry out time delay delay, and 
the output signal of the inverter of the last stage of two or more of said inverter trains is given to the input section of the inverter of the first 
rank of two or more of said inverter trains. The internal clock generating circuit according to claim 1 where the signal which is equivalent 
to said internal clock signal from said last stage inverter or a delay offset means is outputted. 

[Claim 4] Said delay offset means is an internal clock generating circuit according to claim 1 to 3 where the amount of delay offset is set up 
by making into said mode setting signal the data stored in said mode register including the mode register which stores the data with which 
said synchronous semiconductor memory determines a mode of operation. 

[Claim 5] The data which said synchronous semiconductor memory needs the number of cycles of said external clock signal specified by 
CAS latency after data read-out directions are given before an effective data is outputted, and are stored in said mode register are an 
internal clock generating circuit according to claim 4 which is data which specify said CAS latency. 

[Claim 6] The internal clock generator according to claim 1 to 5 further equipped with a means to choose one side of said external clock 
signal and the clock signal from said delay control generating means according to said mode setting signal, and to output as said internal 
clock signal. 

[Claim 7] It is the signal generating circuit which generates the signal which synchronized with said 1st signal from the 1st signal. A means 
to detect the phase contrast of said 1st signal and said 2nd signal, a means to generate the electrical potential difference according to said 
phase contrast, The signal generating circuit which has the time delay determined with said electrical potential difference, operates with 
said time delay, answers an armature-voltage control delay means to generate the signal equivalent to said 2nd signal, and an active region 
setting signal, and is equipped with a delay offset means to give offset to said time delay. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the circuit for generating the internal clock signal as the 2nd signal which synchronized 
with mis from the external clock signal as the 1st signal. Especially, this invention relates to the internal clock generating circuit which 
generates the internal clock signal which synchronized with this external clock signal in the synchronous semiconductor memory which 
operates synchronizing with an external clock signal, and is given to an internal circuitry. 
[0002] 

[Description of the Prior Art] As for the dynamic random access memory (DRAM) used as a primary storage, the working speed cannot 
follow in footsteps of the working speed of the microprocessor (MPU) it is [ microprocessor ] still an external processor although the 
working speed has been made quick. For this reason, the processing speed of a system receives a limit by the access time and the cycle time 
of DRAM, for this reason, the access time and the cycle time of DRAM serve as a bottleneck, and the problem that the system-wide engine 
performance falls arises. In order to solve such a problem, the clock synchronous type semiconductor memory (SDRAM) which operates as 
a primary storage for a high speed MPU synchronizing with a clock signal is proposed. In SDRAM, in order to realize rapid access, the 
specification (burst mode) which carries out rapid access to a 8-bit continuation bit in succession synchronizing with a system clock signal 
(one data input/output terminal) is proposed. 

[0003] Drawing 16 is the timing-chart Fig. showing standard continuation access actuation of the conventional SDRAM. In drawing 16 , 1 / 
O datas D/Q are 8 bit data, and read-out or the actuation written in is continuously shown for eight data (8 bytes of data; 64 bits). 
[0004] In SDRAM, the actuation performed inside equipment with the combination of the condition of two or more external signals which 
can be set on the start edge of the external clock signal extCLK is specified. The external control signals used are a row address strobe 
signal / RAS, a column address strobe / CAS and a write enable signal / WE. The combination of the condition of two or more of these 
external control signals is usually called a "command." Train address signal Y which specifies the line address signal X and memory cell 
train for specifying a memory cell line is multiplexed in time sharing, and address signal ADD is given. 

[0005] In clock cycle **a, in the start edge of the external clock signal extCLK, if a row address strobe signal / RAS is made into L level 
and both a column address strobe and / CAS [ and ], a write enable signal and / WE are made into H level, an active command will be 
given and activation actuation of a memory cell array, i.e., line selection actuation, will be performed in the interior of SDRAM. If this 
active command is given, address signal ADD at this time will be incorporated as a line address signal Xa, and line selection actuation will 
be performed according to mis line address signal Xa 

[0006] Subsequently, in clock cycle **b, in the start edge of the external clock signal extCLK, if a column address strobe / CAS is set as L 
level and a row address strobe signal / RAS and a write enable signal / WE is set as H level, the lead command which shows data read-out 
will be given. According to the column address strobe / CAS of L level, address signal ADD then given is incorporated as train address 
signal Yb, and a memory cell train is chosen according to this train address signal Yb. If the number of clock cycles (setting to drawing 16 
CAS latency is 3) called CAS latency passes after mis lead command is given, in clock cycle **c, the first 1-byte data qO will be outputted. 
Henceforth, synchronizing with the start of the external clock signal extCLK, the sequential output of data ql and -q7 is carried out. 
Although a certain number of clock cycles will be needed by the time the first data are outputted, henceforth, data can be outputted 
according to the external clock signal extCLK, and data read-out of a high speed can be realized. 

[0007] In the time of data write-in actuation, first, in clock cycle **d, an active command is given and line selection actuation is started 
within SDRAM according to an address signal Xc. Subsequently, in clock cycle **e, in the start edge of the external clock signal extCLK, 
a row address strobe signal / RAS is made into H level, and both a column address strobe and / CAS [ and ], a write enable signal and / WE 
are set as L level. Thereby, the light command which shows a data store is given. According to the column address strobe / CAS of L level, 
address signal ADD is incorporated as a train address signal Ya, and train selection actuation is started inside. When this light command is 
given, the data dO given in clock cycle **e to which the light command was given are incorporated inside SDRAM. Henceforth, data dl-d7 
are incorporated inside sequential equipment with the start edge of each external clock signal extCLK, and these incorporated write datas 
are written in a selection memory cell by the predetermined sequence. 

[0008] The number of the data continuously accessed according to one access command (a lead command or light command) is called 
"burst length." It differs from the method which incorporates an address signal, input data, etc. synchronizing with the external control 
signal of the row address strobe signal / RAS, and the column address strobe / CAS in the usual DRAM, and performs an interior action. 
With the start edge of the external clock signal extCLK which is given from the outside in SDRAM and which is a system clock, for 
example, an external control signal / RAS, External signals, such as /CAS, /WE, address signal ADD, and write-data d, are incorporated, 
and an interior action is performed according to the command determined according to the condition of an external control signal (a 
specific address signal bit may be included). 

[0009] the external clock signal extCLK — synchronizing - the signal/RAS from the outside, /CAS, and/- the following advantages are 
acquired by performing synchronous operation which incorporates WE, ADD, and a write data (input data). It is not necessary to secure the 
margin to the data I/O time by the skew (gap of timing) of the address signal to a control signal, and can shorten, the time amount, i.e., the 
cycle time, needed for one access. Moreover, by performing a store and read-out of continuation data synchronizing with clock signal 
extCLK, continuation access time will be determined one period of clock signal extCLK, and can accelerate the continuation access time of 
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SDRAM. 

[0010] Drawing 17 is drawing showing the configuration of the conventional whole SDRAM roughly. The clock buffer 100 which 
SDRAM carries out buffer processing of the external clock signal extCLK, and generates the internal clock signal intCLK in drawing 17 . 
The input buffer 102 which incorporates external control signal ext/RAS, ext/CAS, and ext/WE synchronizing with the internal clock 
signal intCLK from the clock buffer 100, and generates an internal control signal, The command decoder 104 which generates the trigger 
signal which judges the condition of the internal control signal given from an input buffer 102 synchronizing with the internal clock signal 
intCLK, and activates the specified interior action, Synchronizing with the address taking-in indication signal from a command decoder 
104, and the internal clock signal intCLK, the address buffer 1 06 which generates the interior line address signal of incorporation and an 
internal train address signal for external address signal ADD is included. 

[001 1] An internal line address signal and an internal train address signal are generated from the line address signal which time-division 
multiplexing of the address buffer 106 is carried out according to the trigger signal from a command decoder 104 including a line address 
buffer and a train address buffer, a these line address buffer and train address case being alternatively used as an active state, and is given, 
and a train address signal. 

[0012] The memory cell array 108 in which SDRAM has further two or more memory cells arranged in the shape of a matrix, The control 
signal generating circuit 1 10 which answers a trigger signal from a command decoder 104, and generates the internal control signal needed, 
The line selection circuitry 1 12 which answers a control signal from the control signal generating circuit 1 10, is activated, decodes the 
internal line address signal given from an address buffer 106, and drives the line of correspondence of the memory cell array 108 to a 
selection condition, The train selection circuitry 1 14 which chooses the train of the memory cell array 108 according to the internal train 
address signal which answers the internal control signal of the control signal generating circuit 1 10, is activated, and is given from an 
address buffer 106, The output signal of the control signal generating circuit 1 10 is answered, it drives, and the I/O circuit 1 16 which 
outputs and inputs data to the train chosen by the train selection circuitry 1 14 is included. 

[0013] The control signal generating circuit 110 performs control of CAS latency and burst length synchronizing with the internal clock 
signal intCLK, and performs data input/output operation in the I/O circuit 1 16 synchronizing with this internal clock signal intCLK. 
[0014] The line selection circuitry 1 12 includes the word line drive circuit which drives the line of correspondence of the memory cell array 
108 to a selection condition according to the output signal of the decoding circuit which decodes the internal line address signal from an 
address buffer 106, and a decoding circuit The train selection circuitry 1 14 includes the train decoder which generates the signal which 
chooses the train of the memory cell array 108 according to an internal train address signal, and IO gate which connects the selection train 
of the memory cell array 108 to the I/O circuit 1 16 according to the train selection signal which this train decoder outputs. 
[0015] As shown in this drawing 17 , the trigger of the interior action of SDRAM is performed by the internal clock signal intCLK. This 
internal clock signal intCLK is generated from the clock buffer 100, and synchronizes with the external clock signal extCLK. Therefore, 
the internal clock signal intCLK is answered and taking in of external (synchronizing with external clock signal extCLK) control signal 
ext/RAS, ext/CAS, ext/WE, address signal ADD, and input data D is performed. Moreover, it is carried out when it realizes when CAS 
latency counts this internal clock signal intCLK, and burst length's count also counts this internal clock signal intCLK. 
[0016] As shown in drawing 18 , in the clock buffer 100, buffer processing of the external clock signal extCLK is carried out, and a time 
delay td exists between the external clock signal extCLK and the internal clock signal intCLK. The trigger of the interior action is carried 
out by the start (fall) of this internal clock signal intCLK. In the I/O circuit 1 1 6, an in-house data is transmitted to the bottom of control of 
the control signal generating circuit 1 10 synchronizing with this internal clock signal intCLK. Therefore, when this time delay td is large, 
the initiation timing of an interior action becomes late and rapid access becomes impossible. When data are outputted outside, it becomes 
impossible moreover, to guarantee the setup time of the external data of sufficient die length, but to perform exact data read-out to the start 
edge of the external clock signal extCLK, in order that internal data transfer initiation timing may be overdue. 

[0017] The clock buffer 100 is transmitting the internal clock signal intCLK to each circuit inside SDRAM, and comparatively big driving 
force is needed. When for example, the usual inverter buffer is used, the time delay becomes large, and it becomes impossible to disregard 
the time delay (the rate to the cycle time of a time delay becomes large), and it becomes impossible therefore, to realize rapid access 
especially at the time of high-speed operation. 

[0018] since [ then, ] the internal clock signal which replaced with the above usual buffers and synchronized with the external clock signal 
extCLK is generated - DIRE - the id - the internal clock generating circuit using a lock loop formation (DLL is called hereafter) or a 
phase locked loop (PLL is called hereafter) is proposed By using DLL or PLL, it is possible to be able to carry out phase simulation of the 
internal clock signal to an external clock signal, and to lose the delay to the external clock signal of this internal clock signal. 
[0019] Drawing 19 is drawing showing roughly the configuration of the internal clock generating circuit which uses DLL. The clock buffer 
120 with which an internal clock generating circuit carries out buffer processing of the external clock signal extCLK in drawing 19 , The 
internal clock signal RCLK (or intCLK) and the phase detector 124 which detects the phase contrast of clock signal ECLK from the clock 
buffer 120, The charge pump 126 which carries out the charge and discharge of the current according to the control signal / UP, and 
DOWN from a phase detector 124, The loop filter 128 which changes the charge and discharge current of this charge pump 126 into a 
voltage signal with a capacitor, and graduates it, The time delay is adjusted according to the output voltage VCOIN of a loop filter 128, and 
the armature- voltage control delay component 130 which is delayed and outputs clock signal ECLK given to the input node IN to the 
output node OUT is included The output signal of this armature- voltage control delay component 130 is given to the clock buffer 122. The 
clock buffer 122 generates the internal clock signal RCLK (or intCLK). 

[0020] When the phase of clock signal ECLK is progressing rather than the phase of clock signal RCLK, a control signal/UP is made into L 
level, and a phase detector 124 makes a control signal DOWN L level, and makes the charge pump 126 produce the charging current. In 
being reverse, a control signal/UP is made into H level, it makes a control signal DOWN H level, and a phase detector 124 makes the 
charge pump 126 produce the discharge current. When the charge pump 126 produces the charging current, the voltage level of the control 
voltage VCOIN from a loop filter 128 rises, and when the charge pump 126 produces the discharge current on the other hand, the control 
voltage VCOIN from a loop filter 1 28 falls. 

[0021] That operating current will go up, a time delay will become short, and the armature-voltage control delay component 130 will 
advance the phase of the clock signal from the internal output node OUT, if this control voltage VCOIN rises. On the other hand, if a 
voltage level falls [ control voltage VCOIN ], the operating current of the armature- voltage control delay component 130 will fall, and the 
phase of the signal outputted to the output node OUT from this armature-voltage control delay component 130 will be overdue. 
[0022] The internal clock generating circuit which this phase detector 124, the charge pump 126, the loop filter 128, the armature-voltage 
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control delay component 130, and the clock buffer 122 constitute the feedback loop, therefore is shown in this drawing 19 is a kind of 
automatic-control circuit Therefore, the voltage level of the control voltage VCOIN from this loop filter 128 is adjusted so that the phase 
contrast in this phase detector 124 may be set to 0, phase simulation of the internal clock signal RCLK from the clock buffer 122 (or 
intCLK) is carried out to the external clock signal extCLK, and it turns into the clock signal with the same frequency. Here, the clock 
buffer 120 only gives clock signal ECLK to a phase detector 124, can make that driving force sufficiently small, and can disregard mostly 
the time delay in this clock buffer 1 20. In order mat the clock buffer 122 may transmit the internal clock signal RCLK (or intCLK) to an 
internal circuitry, driving force is enlarged comparatively. However, since feedback control is performed so mat the phase of clock signal 
RCLK which mis clock buffer 122 outputs, and clock signal ECLK which the clock buffer 120 outputs may be made equal, even if driving 
force of the clock buffer 122 is enlarged, and that time delay will be disregarded effectually and had big driving force, the internal clock 
signal RCLK (or intCLK) which carried out phase simulation to the external clock signal extCLK is generated. 

[0023] Drawing 20 is drawing showing an example of the concrete configuration of the armature- voltage control delay component shown 
in drawing 19 . In drawing 20 , the armature-voltage control delay component 130 contains delay circuit 130b as which the electrical 
potential differences VTNP and VINNI outputted from current Miller circuit 130a which generates control voltage VINP and VINN 
according to the control voltage VCOIN from a loop filter 128, and this current Miller circuit 130a, and therefore the time delay of those 
are specified. Delay circuit 130b generates the clock signal which is delayed in clock signal ECLK given to the input node IN, and is 
equivalent to an internal clock signal at the output node OUT. 

[0024] The p channel MOS transistor PI by which current Miller circuit 130a is connected with the power node Vcc which receives supply 
voltage between internal node 130aa(s), and the gate is connected to internal node 130aa, The p channel MOS transistor P2 by which 
connects with a power node Vcc between internal node 130ab(s), and the gate is connected to internal node 130aa, The n channel MOS 
transistor Nl and resistance element R which are connected to a serial between internal node 130aa and the touch-down node Vss The n 
channel MOS transistor N2 by which connects with internal node 130ab between the touch-down nodes Vss, and the gate is connected to 
internal node 130ab is included. The control voltage VCOIN from the loop filter 128 shown in drawing 19 is given at the gate of MOS 
transistor Nl. 

[0025] MOS transistors PI and P2 constitute current Miller circuit, and if such sizes are made equal, the current of the same magnitude will 
flow to MOS transistors PI and P2. A current is supplied to MOS transistor N2 from MOS transistor P2, it operates in resistance mode, and 
generates the electrical potential difference VTNN according to the current supplied from this MOS transistor P2. The current of the same 
magnitude flows in MOS transistors P2 and N2. Control voltage VINP is outputted from internal node 130aa, and control voltage VINN is 
outputted from internal node 130ab. 

[0026] Delay circuit 130b contains the inverter chain with which each operating current consists of inverters IVl-IVn of the plurality 
adjusted with control voltage VINP and VINN with which cascade connection was carried out. Inverter IVi (i=l-n) contains the p channel 
MOS transistors PTi and Pli each other connected to a serial between a power node Vcc and an output node, and the n channel MOS 
transistors Nli and NTi each other connected to a serial between an output node and the touch-down node Vss. The gate of MOS transistor 
PTi is connected to internal node 130aa, and the gate of MOS transistor NTi is connected to internal node 130ab. The gate of MOS 
transistors Pli and Mli is connected to the output node of the inverter of the preceding paragraph in common. Clock signal ECLK is given 
through the input node IN at the gate of MOS transistors PI 1 and Nil which constitute the inverter of the first rank. The output node of the 
inverter (MOS transistors Pin and NIn) of the last stage is connected to the output node OUT. 

[0027] MOS transistors PTl-PTn, and NTl-NTn act as a current source of each inverter. MOS transistors PTl-PTn receive control voltage 
VINP in each gate, and MOS transistors NTl-NTn receive control voltage VINN in each gate. MOS transistors PTl-PTn constitute MOS 
transistor PI and current Miller circuit, and MOS transistors NTl-NTn constitute MOS transistor Nl and current Miller circuit. Similarly 
[ the size of MOS transistors PTl-PTn ] to the size of MOS transistor P2, when the size of MOS transistors NTl-NTn is the same as the 
size of MOS transistor N2, the current which flows through MOS transistors P2 and N2 at each inverters IVl-IVn, and the current of the 
same magnitude flow as operating currents to these. Next, actuation is explained briefly. 

[0028] When control voltage VCOIN is L level, MOS transistor Nl is an OFF state, and since control voltage VINP will serve as supply 
voltage level, MOS transistors PI and P2 will be in an OFF state and a current is not supplied from MOS transistor P2, MOS transistor N2 
will also be in an OFF state. In this condition, all of MOS transistors PTl-PTn, and NTl-NTn will be in an OFF state, and since, as for 
delay circuit 130b, the operating current is not supplied, the output node OUT will be in floating. 

[0029] If the voltage level of control voltage VCION rises, the conductance of MOS transistor Nl will become large, and a current will 
flow through MOS transistor P 1 . If a current flows through this MOS transistor PI , the control voltage VINP according to the current 
which flows through this MOS transistor PI will be generated. That is, in order that MOS transistor PI may operate in a saturation region, 
the current which flows through this MOS transistor P 1 is given by the degree type. 

[0030] beta (VINP- Vcc- Vthp) 2 - here, Vthp shows the threshold electrical potential difference of MOS transistor PI. Moreover, a 
multiplier beta is a conductance multiplier of the p channel MOS transistor PI, and is proportional to the ratio of gate width and gate 
length. 

[0031] According to this control voltage VTNP, a current flows also to MOS transistor P2, and the voltage level of the control voltage 
VINN from the drain (internal node 130ab) of MOS transistor N2 also rises. This MOS transistor N2 also supplies the current which the 
gate and a drain interconnect, operates in a saturation region, and is shown by the degree type. 

[0032] beta (VINN-Vthn) 2 - here, the touch-down electrical potential difference Vss is set to 0V. Vthn shows the threshold electrical 
potential difference of MOS transistor N2. According to this control voltage VINP and VINN, the current source transistors PTl-PTn 
contained in delay circuit 130b, and NTl-NTn also supply a current The inverter trains IVl-IVn delay for it and transmit clock signal 
ECLK which operated according to the current which the current source transistors PTl-PTn, and this NTl-NTn supply, and was given to 
the internal node IN. If the voltage level of control voltage VCOIN rises, the voltage level of control voltage VINP will fall, the amount of 
currents which flows through MOS transistor P2 rises, the conductance of MOS transistor Nl will also rise and the voltage level of control 
voltage VINN will also rise [ it will respond and ]. Therefore, the operating current which the current source transistors PTl-PTn, and NTl- 
NTn supply also increases. 

[0033] If the operating current of Inverters IVl-IVn is large, they can carry out the charge and discharge of the output node at high speed. 
Therefore, if the operating current becomes large, the time delay which these inverters IVl-IVn have will become small, and the time delay 
which this delay circuit 130b has will become short. On the other hand, if the operating current which the current source transistors PTl- 
PTn, and NTl-NTn supply becomes small, the time delay which the charge and discharge current of the output node of Inverters IVl-IVn 
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falls, the working speed of Inverters IVl-IVn becomes slow, the time delay which Inverters IV 1 -IVn have becomes large, it responds and 
delay circuit 130b has will become large. 

[0034] If the time delay which delay circuit 130b has becomes short, as for the clock signal which appears to the output node OUT, the 
phase will be advanced relatively. On the other hand, if the time delay which delay circuit 130b has becomes long, the phase of the clock 
signal which appears in the output node OUT will become late. Control voltage VCOIN is generated according to the phase contrast of 
clock signal ECLK and RCLK. When the phase of clock signal ECLK is progressing rather than clock signal RCLK, a voltage level rises 
[ control voltage VCOIN ] and the time delay which delay circuit 130b has is shortened. On the other hand, if the phase of clock signal 
ECLK becomes later than clock signal RCLK, the voltage level of control voltage VCOIN will fall and the time delay which delay circuit 
130b has will be lengthened. Thereby, the signal outputted from the output node OUT turns into the signal adjusted so that the phase of 
clock signal ECLK and RCLK might become the same (it locked), i.e., the signal which carried out phase simulation to clock signal ECLK. 
DLL calls the condition of "having locked" the condition of outputting a signal with an equal phase to clock signal ECLK. 
[0035] 

[Problem(s) to be Solved by the Invention] By using the armature- voltage control delay component 130 as shown in mis drawing 20 , the 
internal clock signal RCLK (intCLK) which carried out phase simulation to the external clock signal extCLK is generable. This armature- 
voltage control delay component 130 is adjusting the phase and frequency of an internal clock signal by adjusting the working speed of 
Inverters IVl-IVn. The maximum working-speed condition of this delay circuit 130b is in the condition that MOS transistors PTl-PTn, and 
NTl-NTn supply maximum current In order to adjust the time delay of delay circuit 130b according to this control voltage VCOIN, it is 
necessary to operate MOS transistors PTl-PTn, and NTl-NTn in a linearity field (when it is made to operate in a saturation region, the 
operating current cannot be changed according to control voltage VINP and VINN). Therefore, an upper limit exists in the working speed 
(clock frequency) of an internal clock generating circuit 

[0036] Moreover, when reducing the voltage level of control voltage VCOIN, the voltage level of control voltage VTNP can rise, and the 
voltage level of control voltage VINN can fall, and the time delay which this delay circuit 130b has can be enlarged. However, in the case 
of such a big time delay, the conductance of MOS transistor Nl changes a lot by change of a small portion of control voltage VCOIN (in an 
MOS transistor, the conductance changes a lot near the threshold electrical potential difference). Control voltage VINP and VINN changes 
a lot by change of a small portion of control voltage VCOIN. The current source transistors PTl-PTn and the supply current of NTl-NTn 
change a lot, since the time delay which it responds and delay circuit 130b has changes a lot, it becomes unstable actuation and there is a 
limit also in the maximum time delay. 

[0037] Therefore, for the armature- voltage control delay component 130 as shown in this drawing 20 , a limitation is located in the signal 
frequency range which can delay that stability, and the fault of it becoming impossible to lock in stability over an extensive frequency 
range arises. 

[0038] The frequencies of the clock signal differ according to the working speed of the system by which SDRAM is applied with 66MHz, 
100MHz, and 150MHz. Therefore, when the lock range of an internal clock generating circuit is restricted, it is necessary to form an 
internal clock generating circuit separately, it responds according to each clock frequency, the class of SDRAM increases, and the fault that 
product cost becomes high arises. 

[0039] The above problems are similarly produced in DLL or PLL which generally generates the internal signal which synchronized not 
only with the internal clock generating circuit of SDRAM but with the external signal. 

[0040] So, the purpose of this invention is offering the internal clock generating circuit which can be locked in stability to the signal of the 
frequency of the extensive range. 

[0041] Other purposes of this invention are offering the internal clock generating circuit for realizing the synchronous semiconductor 

memory which operates to stability synchronizing with the external clock signal of the frequency of the extensive range. 

[0042] 

[Means for Solving the Problem] The internal clock generating circuit concerning this invention is equipped with a means detect the phase 
contrast of an external clock signal and an internal clock signal, a delay control clock-generation means generate the signal which can 
change a time delay according to that detected phase contrast, operates according to that time delay, and is equivalent to an internal clock 
signal, and a delay offset means give offset to mis time delay according to a mode-setting signal. 

[0043] In the circuit of claim 1, as for the internal clock generating circuit concerning claim 2, a delay control clock generation means 
includes an adjustable delay means to add to the time delay which an inverter train gives the time delay which the delay offset means was 
connected to two or more inverter trains and a serial, and was set up by the mode setting signal, including two or more inverter trains to 
which each operating current is adjusted according to phase contrast. An external clock signal is inputted into the serial path which consists 
of this adjustable delay means and an inverter train. 

[0044] Including two or more inverter trains to which, as for the internal clock generating circuit concerning claim 3, each operating 
current is adjusted according to phase contrast in the circuit of claim 1, as for a control delay clock generation means, the delay offset 
means was set up by the mode setting signal, carries out time delay delay of the output signal of the inverter of the last stage of two or more 
inverter trains, and gives it to the input section of the inverter of the first rank of two or more inverter trains. 

[0045] The internal clock generating circuit concerning claim 4 makes the data with which the delay offset means was stored in the mode 
register which stores the data which determine the mode of a synchronous semiconductor memory of operation in the circuit of claim 1 
thru/or either of 3 a mode setting signal, and the amount of delay offset is set up. 

[0046] The data with which the internal clock generating circuit concerning claim 5 is stored in a mode register in the circuit of claim 4 are 
data which set up the CAS latency which shows the number of cycles of the external clock signal needed after data read-out directions of a 
synchronous semiconductor memory are given before an effective data is outputted. 

[0047] The internal clock generating circuit concerning claim 6 is further equipped with a means to choose either an external clock signal 
or a delay control clock signal according to a mode setting signal, and to output as an internal clock signal. 

[0048] A means by which the signal generating circuit concerning claim 7 detects the phase contrast of the 1st signal and said 2nd signal, 
An armature-voltage control delay means to generate the signal which has a means to generate the electrical potential difference according 
to this phase contrast, and the time delay determined with this generated electrical potential difference, operates with this time delay 
determined, and is equivalent to the 2nd signal, It has a delay offset means to answer an active region setting signal and to give offset to 
this time delay. 

[0049] To the time delay which a delay control clock generation means has, by giving offset according to a mode setting signal, the time 
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delay which this delay control clock generation means has can be changed equivalent, it responds, and the working speed of a delay control 
clock generation means can be changed, it can respond, and the clock frequency of this delay control clock generation means can be 
changed according to the frequency of an external clock signal. Thereby, the lock range can be changed according to the frequency of an 
external clock signal (the 1st signal), and the clock frequency range which can be locked as a result can be made large. 
[0050] 

[Embodiment of the Invention] 

[Gestalt 1 of operation] drawing 1 is drawing showing roughly the configuration of the whole internal clock generating circuit according to 
the gestalt 1 of implementation of mis invention. In drawing 1 , the internal clock generating circuit according to the gestalt 1 of 
implementation of this invention The clock buffer 120 which carries out buffer processing of the clock signal extCLK from the outside, 
The transmitted adjustable delay circuit 1 to which clock signal ECLK from this clock buffer 120 was set according to mode change-over 
signal phiMOD as a mode setting signal and which carries out time delay delay, It is specified according to the control voltage VCOIN 
given from a loop filter 128, the amount of operating currents, i.e., time delay, and the armature-voltage control delay component 130 
which transmits the clock signal given through the adjustable delay circuit 1 is included. 

[0051] The adjustable delay circuit 1 contains selection-circuitry lc which chooses either the output signal of clock signal ECLK and delay 
component la, and the output signal of delay component lb according to mode change-over signal phiMOD, and is delivered delay 
component la delayed in clock signal ECLK from the clock buffer 120, and delay component lb further delayed in the output signal of this 
delay component la to the input node IN of the armature-voltage control delay component 130. The delay components la and lb consist of 
for example, an inverter delay circuit, a RC delay circuit, etc. 

[0052] The clock buffer 1 22 which this internal clock generating circuit carries out buffer processing of the clock signal given from the 
output node OUT of the armature-voltage control delay component 130 further, and generates the internal clock signal intCLK (or RCLK), 
The phase detector 124 which detects the phase contrast of clock signal ECLK from the internal clock signal RCLK (or intCLK) and the 
clock buffer 120 from this clock buffer 122, The charge pump 126 which carries out the charge and discharge of the current according to 
the control signal / UP, and DOWN from a phase detector 124 is included. The supply current from the charge pump 126 is changed into 
electrical-potential-difference information by the loop filter 128, and control voltage VCOIN is generated. 

[0053] The armature- voltage control delay component 130 is equipped with the same configuration as the conventional armature-voltage 
control delay component shown in drawing 20 . Therefore, it is determined according to this control voltage VCOIN, that operating current, 
i.e., time delay. The time delay set up by mode change-over signal phiMOD is given to clock signal ECLK by the adjustable delay circuit 
1, and is given to the armature-voltage control delay component 130. Therefore, it means that the time delay which the armature- voltage 
control delay component 130 has equivalent had increased only the time delay which this adjustable delay circuit 1 gives. By adjusting the 
time delay which this adjustable delay circuit 1 gives, the clock frequency field of the clock signal which can lock the armature-voltage 
control delay component 130 is changed. The relation of this time delay and clock frequency is explained below. 

[0054] As shown in drawing 2 (A), the time delay which can give the armature-voltage control delay component 130 is now set to deltatO 
thru/or deltatl. A time delay deltatl is longer than a time delay deltatO. The armature- voltage control delay component 130 consists of two 
or more inverter trains, as shown in drawing 20 . Therefore, the frequency of the signal which can operate at high speed if the time delay of 
this armature-voltage control delay component 130 is short, therefore can be locked becomes high. On the other hand, when transmitting a 
clock signal through the adjustable delay circuit 1 to this armature-voltage control delay component 130, the time delay T of this adjustable 
delay circuit 1 is added to the time delay which the armature-voltage control delay component 130 gives. Therefore, the time delay which 
the armature-voltage control delay component 130 gives equivalent serves as T+delta tO thru/or T+delta tl. In this case, it means mat offset 
was applied and the range of that time delay shifts only time amount T to the one where that clock frequency field (frequency of clock 
signal which can be locked) field is lower. Therefore, the adjustable delay circuit 1 can adjust the frequency range of the internal clock 
signal intCLK (or RCLK) by adjusting the time delay over clock signal ECLK. When this changes the time delay which the adjustable 
delay circuit 1 gives according to the frequency of the external clock signal extCLK, the clock frequency field of an internal clock 
generating circuit can be changed, and this clock frequency field can be made large equivalent 

[0055] That is, if the control voltage VCOIN from a loop filter 128 becomes high as shown in drawing 2 (B), the operating current of the 
armature-voltage control delay component 130 will become large, the time delay is shortened, the phase of the given signal will be 
advanced and the working speed will also become quick again. When a time delay T is not given by the adjustable delay circuit 1 
(condition that selection-circuitry lc of drawing 1 chooses clock signal ECLK), the clock frequency field of the armature-voltage control 
delay component 130 is given by F0. On the other hand, if the adjustable delay circuit 1 gives a time delay T, the time delay which the 
armature- voltage control delay component 130 has equivalent will become large, the working speed will become slow, and the clock 
frequency field of the armature- voltage control delay component 130 will turn into a field Fl. Therefore, by the adjustable delay circuit 1, 
by adjusting a time delay T, a clock frequency field can be adjusted according to the frequency of the external clock signal extCLK, and the 
internal clock signal locked in the clock signal frequency of the extensive range can be generated. Next, the configuration of each part is 
explained. 

[0056] Drawing 3 is drawing showing concretely the configuration of the phase detector 1 24 shown in drawing 1 , the charge pump 1 26, 
and a loop filter 128. The armature-voltage control delay component 130 is the same as the configuration shown in drawing 20 . In drawing 
1 , a phase detector 124 contains the inverter IV 1 which receives clock signal ECLK given from the clock buffer 120, and the inverter IV2 
which receives clock signal RCLK (or intCLK) from the clock buffer 122. This phase detector 124 compares the phase of the start of clock 
signal ECLK and RCLK, and generates control voltage (signal) / UP, and DOWN according to that phase contrast. 
[0057] A phase detector 124 contains the flip-flop FF 2 which is answered and set to the fall (start of clock signal ECLK) of the output 
signal of an inverter IV 1 , and is further set according to the output signal of the output node Ql of the flip-flop FF 1 and Flip-flop FF 1 
which are reset according to the potential level of nodes Q2 or Q5, and is reset according to the potential of a node Q5. A flip-flop FF 1 
includes NAND circuits NA1 and NA2 by which cross linking is carried out NAND circuit NA1 receives the output signal of an inverter 
IV 1, and the output signal of NAND circuit NA2. NAND circuit NA2 receives the output signal of NAND circuit NA1, the signal on a 
node Q5 (reset signal), and the signal on a node Q2. From NAND circuit NA2, control voltage/UP is outputted through two steps of 
inverter circuits IV3 and IV4 by which column connection is made. 

[0058] A flip-flop FF 2 includes NAND circuits NA3 and NA4 by which cross linking is carried out NAND circuit NA3 receives the 
signal of a node Ql , and the output signal of NAND circuit NA4. NAND circuit NA4 receives the output signal (signal on a node Q2) of 
NAND circuit NA3, and the signal on a node Q5. 
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[0059] A phase detector 124 is answered and set to the signal on the flip-flop FF 3 which is answered and set to the fall of the output signal 
of an inverter circuit IV2, and is further reset according to the signal potential on a node Q4 or a node Q5, and a node Q3, and contains the 
flip-flop FF 4 which answers the signal on a node Q5 and is reset A flip-flop FF 3 consists of NAND circuits NA6 and NA7 by which 
cross linking is carried out, and a flip-flop FF 4 consists of NAND circuits NA8 and NA9 by which cross linking was carried out NAND 
circuit NA6 receives the output signal of an inverter circuit IV2, and the output signal of NAND circuit NA7. NAND circuit NA7 receives 
die signal on a node Q4, the signal on a node Q5, and the output signal of NAND circuit NA6. Control voltage DOWN is outputted through 
an inverter circuit IV5 from NAND circuit NA7. NAND circuit NA8 receives the signal on a node Q3, and the output signal of NAND 
circuit NA9. NAND circuit NA9 receives the output signal of NAND circuit NA8, and the signal on a node Q5. 
[0060] Further, a phase detector 1 24 includes NAND circuit NA5 which outputs the reset signal of L level to a node Q5, when all die 
signals that received and received the signal on nodes Ql, Q2, and Q3 and Q4 are H level. A node Ql will start on H level, if clock signal 
ECLK starts on H level. If clock signal RCLK starts on H level, a flip-flop FF 3 will be set and the potential of a node Q3 will also start on 
H level. Flip-flops FF2 and FF4 are reset according to the output signal of a node Q5, respectively, and nodes Q2 and Q4 are in H level in 
an initial state. Therefore, if bom the start of clock signal ECLK used as the candidate for a comparison and RCLK is given, this NAND 
circuit NA5 will output a reset signal on a node Q5, and will reset control voltage / UP, and DOWN. 

[0061] Although actuation of this phase detector 124 is later explained to a detail, to clock signal ECLK, flip-flops FF1 and FF2 are 
formed, and flip-flops FF3 and FF4 are formed to clock signal RCLK. The connection mode of flip-flops FF3 and FF4 is the same as the 
connection mode of flip-flops FF1 and FF2. Therefore, when the phase of clock signal ECLK is progressing rather than the phase of clock 
signal RCLK, a flip-flop FF 1 is set previously and let control voltageAJP be active states. On the contrary, when the phase of clock signal 
RCLK is progressing rather than the phase of clock signal ECLK, a flip-flop FF 3 is set previously and let control voltage DOWN be an 
active state. This control voltage / UP, and DOWN are the digital signals corresponding to phase contrast in an activity period. The charge 
pump 126 performs the charge and discharge of a current according to the phase contrast of clock signal ECLK and RCLK according to the 
activity period of this digital control electrical potential difference / UP, and DOWN. 

[0062] The charge pump 126 includes the n channel MOS transistor NQ and current source IS 2 which are connected to a serial between 
the current source IS 1 connected to a serial between a power node Vcc and the output node Q6 and the p channel MOS transistor PQ, and 
the output node Q6 and the touch-down node Vss. The p channel MOS transistor PQ receives control voltage/UP in the gate, and the n 
channel MOS transistor NQ receives control voltage DOWN in the gate. The period when control voltage / UP, and DOWN are made into 
an active state has embraced the phase contrast of clock signal ECLK and RCLK, and the period used as the ON state of MOS transistors 
PQ and NQ is also defined according to the phase contrast. Therefore, in a node Q6, the charge and discharge of a current according to the 
phase contrast of clock signal ECLK and RCLK are performed. The current information from this charge pump 126 is changed into 
electrical-potential-difference information with a loop filter 128, control voltage VCOIN is generated, and the operating current of the 
armature-voltage control delay component 130 is determined. 

[0063] A loop filter 128 contains the resistance element Ra connected to a serial between a node Q6 and the touch-down node Vss, and a 
capacitative element calcium. This loop filter 128 is the low pass filter or smoothing circuit where a time constant is determined by the 
resistance element Ra and the capacitative element calcium. By storing the charge and discharge current from the charge pump 126 in a 
capacitative element calcium, the current information from this charge pump 1 26 is changed into electrical-potential-difference 
information. Next, actuation of a phase detector 124 is explained with reference to drawing 4 (A) and (B). 

[0064] Drawing 4 (A) is the timing-chart Fig. showing actuation when the phase of clock signal ECLK is progressing rather than clock 
signal RCLK In the reset condition before time of day tO, the output signal of an inverter IV I is H level, the output signal of NAND circuit 
NA2 is H level, and a node Ql is in L level. The node Q2 is reset, and the potential level of a node Ql is L level, and is in H level. 
Similarly, L level and the potential level of a node Q4 have the potential level of a node Q3 in H level. In this condition, both control 
voltage and / UP, and /DOWN are in H level. 

[0065] In time of day tO, if clock signal ECLK starts on H level, a flip-flop FF 1 will be set and the potential level of a node Ql will start on 
H level. If the potential level of a node Ql starts on H level, all the input signals of NAND circuit NA2 will serve as H level, and control 
voltage/UP will fall to L level. By this, the p channel MOS transistor PQ will be in an ON state, the current from a current source IS 1 is 
supplied to the output node Q6 in the charge pump 126, and the charge potential of the capacitative element calcium of a loop filter 128 is 
raised 

[0066] If clock signal RCLK starts on H level in time of day tl, a flip-flop FF 3 will be set and the potential of a node Q3 will start on H 
level. The start to H level of the potential of this node Q3 is answered, the output signal/DOWN of NAND circuit NA7 start on L level, and 
a fall and control voltage DOWN start on H level. By this, the n channel MOS transistor NQ flows, the current from a current source IS 1 
flows to a current source IS 2 through MOS transistors PQ and NQ in the charge pump 126, and charge actuation of the capacitative 
element calcium of a loop filter 128 stops. If the potential level of a node Q3 starts on H level, all of the potential level of nodes Ql, Q2, 
Q3, and Q4 will be set to H level, and the potential of the signal outputted to a node Q5 will fall from NAND circuit NA5 to L level. The 
fall of the potential level of this node Q5 is answered, flip-flops FF1, FF2, FF3, and FF4 are reset altogether, H level, a control signal / 
DOWN starts [ the time delay of the NAND circuit and/or inverter circuit to the fall of potential of this node Q5 with control voltage / UP ] 
on H level, and a node Q2 falls to L level. 

[0067] In time of day t2, if clock signal ECLK falls to L level, the output signal of an inverter circuit IV1 will serve as H level, and the 
signal outputted to a node Ql will fall from NAND circuit NA1 to L level. If the potential level of this node Ql falls to L level, a flip-flop 
FF 2 will be set and the potential of a node Q2 will start on H level. If the potential of a node Q4 answers the fall of the potential level of a 
node Q5 and falls to L level, the potential level of a node Q5 will be held again at H level. 

[0068] Next, in time of day t3, if clock signal RCLK falls to L level, the output signal of an inverter circuit IV2 serves as H level, the signal 
outputted to a node Q3 from a NAND circuit will fall and (a signal/DOWN is in H level) respond to L level, a flip-flop FF 4 will be set, 
and the potential level of a node Q4 will start on H level. By a series of actuation of this time of day t0-t3, adjustment of the control voltage 
VCOIN according to the phase contrast of clock signal ECLK and RCLK is completed. 

[0069] In time of day t4, if clock signal ECLK starts on H level again, a flip-flop FF 1 will be set and the potential level of a node Ql will 
start on H level. The start of the potential level of this node Ql is answered, and control voltage/UP starts on H level. Since clock signal 
RCLK is in L level, the condition of flip-flops FF3 and FF4 does not change, and the potential level of a node Q5 is also in H level. 
[0070] Since clock signal RCLK is in L level and the condition of flip-flops FF3 and FF4 is not changing even if clock signal ECLK falls 
to L level before time of day t5, the signal potential level of the internal nodes Q1-Q4 does not change. 
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[0071] In time of day t5, if clock signal RCLK starts on H level, a flip-flop FF 3 will be set and the potential of a node Q3 will start on H 
level. The start of the potential of this node Q3 is answered, NAND circuit NA5 outputs the signal of L level to a node Q5, and flip-flops 
FF1-FF3 are reset Thereby, control voltage/UP starts on H level, and control voltage/DOWN falls to L level. If the potential of a node Ql 
falls to L level according to the reset signal on a node Q5 (signal of L level), L level potential of the node Q2 reset by the signal of L level 
on a node Q5 will start on H level. By the reset signal on this node Q5, if the potential level of a node Q4 falls to L level, the potential level 
on this node Q5 will start on H level again. Thereby, the charge actuation according to the phase contrast of clock signal ECLK between 
time of day t4 and time of day t5 and RCLK is completed. 

[0072] In time of day t6, if clock signal ECLK starts on H level, a flip-flop FF 1 will be set, the potential level of a node Ql will start on H 
level, and control voltage/UP will fall to L level again. 

[0073] In time of day t7, if clock signal RCLK falls to L level, flip-flops FF3 and FF4 will be reset, and H level and the potential of a node 
Q3 will serve as [ the potential of a node Q4 ] L level. In order that the potential of a node Q3 may fall to L level, as for the potential of a 
node Q5, H level is maintained, and a reset signal is not generated. Henceforth, mis condition is maintained until clock signal RCLK next 
starts. 

[0074] As mentioned above, clock signal ECLK supplies the current [ pump / 126 / charge ] according to that phase contrast by making the 
time amount control voltage according to that phase contrast / UP into an active state (L level), when the phase is progressing rather man 
clock signal RCLK, and the charging current from this charge pump 126 is changed into electrical-potential-difference information with a 
loop filter 128. Therefore, the voltage level of control voltage VCOIN is adjusted according to the phase contrast. 

[0075] Drawing 4 (B) is the wave form chart showing actuation when the phase of clock signal RCLK is progressing rather than the phase 
of clock signal ECLK. As shown in drawing 3 , the connection mode of flip-flops FF3 and FF4 is the same as the connection mode of flip- 
flops FF1 and FF2. Therefore, when the phase of clock signal RCLK is progressing rather than the phase of clock signal ECLK, let a 
control signal/DOWN be the time amount active states according to the phase contrast If bom clock signal RCLK and ECLK serve as H 
level, a reset signal is generated, and control voltage/UP will be made into the active state of predetermined period L level, and will stop 
the discharge actuation from the charge pump 126. 

[0076] When the phase of this clock signal RCLK is progressing rather than the phase of clock signal ECLK, control voltage DOWN will 
serve as H level, the n channel MOS transistor NQ of the charge pump 126 will be in an ON state, only the current which a current source 
IS 2 drives from the output node Q6 discharges, and the charge potential of the capacitative element calcium of a loop filter 128 is reduced. 
Thereby, a voltage level falls, and control voltage VCOIN responds, reduces [ the operating current of the armature-voltage control delay 
component 130 is reduced, and ] a working speed, and delays the phase of clock signal RCLK. The wave form chart shown in this drawing 

4 (B) is obtained in the wave form chart shown in drawing 4 (A) by replacing clock signal RCLK and ECLK, and replacing control 
voltage / UP, and /DOWN, and replacing nodes Q3 and Q4 with nodes Ql and Q2, respectively. Therefore, the detail explanation is 
omitted. 

[0077] In addition, in drawing 3 , a digital phase detector is used for a phase detector 124, and the charge pump 126 and the loop filter 128 
consist of analog circuits. However, all of these circuits may consist of digital circuits, and the so-called digital DIREIDO lock DORUPU 
(DDLL) may be used. Moreover, not the configuration for which the configuration of a phase detector 124 uses a NAND mold flip-flop but 
another configuration using a coincidence detector for example may be used. What is necessary is just the configuration of generating the 
control voltage / UP, and DOWN according to phase contrast of clock signal ECLK and RCLK. 

[0078] Moreover, in an armature-voltage control delay component, when the phase of clock signal ECLK and RCLK is in agreement, 
nodes Q1-Q3 serve as H level altogether at coincidence (when it is in the locked condition), potential level of a node Q5 is made into L 
level, and flip-flops FF1-FF4 are reset Therefore, in this condition, both control voltage and / UP, and /DOWN maintain H level, and the 
charge and discharge of a current are not performed in the charge pump 126, but control voltage VCOIN holds that voltage level. Thereby, 
the internal clock (phase simulation was carried out) signal RCLK (or intCLK) locked to the external clock signal is generable to stability. 
[0079] [Example of modification] drawing 5 is drawing showing the configuration of the example of modification of the internal clock 
generating circuit according to the gestalt 1 of implementation of this invention. In the internal clock generating circuit shown in drawing 

5 , the adjustable delay circuit 1 where the time delay is set up according to mode change-over signal phiMOD between the output section 
of the armature-voltage control delay component 130 and the clock buffer 122 which generates the internal clock signal RCLK (or intCLK) 
is arranged. Other configurations are the same as the configuration shown in drawing 1 , and give the same reference number to a 
corresponding part. Clock signal ECLK from the clock buffer 120 is given directly to the armature-voltage control delay component 130. 
This armature-voltage control delay component 130 contains delay circuit 130b including the train of two or more inverters IVl-IVn with 
which that operating current is adjusted according to the electrical potential differences VINP and VINN from current Miller circuit 130a 
which generates control voltage VINP and VINN according to the control voltage VCOIN from a loop filter 128, and this current Miller 
circuit 130a. This delay circuit 130b operates with the time delay which followed control voltage VINP and VTNN from current Miller 
circuit 130a, and adjusts the phase of clock signal ECLK. The adjustable delay circuit 1 gives the time delay set up by mode change-over 
signal phiMOD to the output signal of the armature-voltage control delay component 130. Therefore, equivalent, even if the adjustable 
delay circuit 1 is established in the output section of the armature-voltage control delay component 130, since offset is given to delay of the 
armature-voltage control delay component 130, the clock frequency field of the clock signal which can lock this internal clock generating 
circuit similarly can be adjusted. 

[0080] As mentioned above, since it constituted to the armature- voltage control delay component so that offset of a time delay might be 
given according to a mode change-over signal when following the gestalt 1 of implementation of this invention, this mode change-over 
signal can adjust the frequency of the clock signal which can lock an internal clock generating circuit, the frequency domain of the clock 
signal which can be locked can be made large, and the clock frequency field of an internal clock generating circuit can be made large. 
[0081] [Gestalt 2 of operation] drawing 6 is drawing showing the configuration of the data read-out section of SDRAM roughly. In drawing 
6 , the configuration of train selector-gate 1 14a contained in the memory cell array 108 and a train selection circuitry and the I/O circuit 
1 1 6 is shown roughly. 

[0082] In the memory cell array 108, memory cell 108a is arranged a line and in the shape of [ of a train ] a matrix, a word line WL is 
arranged corresponding to each memory cell line, and a bit line pair is arranged corresponding to each memory cell train. In drawing 6 , 
one word line WL and one bit line BL are shown typically. Memory cell 108a contains the access transistor MT which consists of n 
channel MOS transistors which answer the signal potential on the memory cell capacitor MC which stores information with the gestalt of a 
charge, and a word line WL, and connect the memory cell capacitor MC to a bit line BL. (Sense amplifier SA) 108b is arranged 
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corresponding to each bit line pair. This (sense amplifier SA) 108b amplifies the potential of a bit line pair of correspondence in differential 
at the time of activation. 

[0083] Train selector-gate 1 14a contained in the train selection circuitry 1 14 is prepared corresponding to each bit line pair (memory cell 
train) of the memory cell array 108, and connects to the I/O circuit 1 16 the bit line pair corresponding to the train addressed according to 
the train selection signal CY from the train decoder which is not illustrated. 

[0084] The I/O circuit 116 contains (pre amplifier PA) 1 16a which amplifies the data of the selection memory cell transmitted through mis 
train selector-gate 1 14a, and output circuit 1 16b which carries out the sequential output of the data amplified by (pre amplifier PA) 1 1 6a 
according to the internal clock signal. This pre amplifier (PA) The configuration of arbitration can be used about the configuration of the 
part from 1 16a to output circuit 1 16b. The configuration of the "2-bit prefetch method" which chooses 2-bit memory cell data as 
coincidence, amplifies them, and is transmitted one by one synchronizing with an internal clock signal may be used. Moreover, in output 
circuit 1 16b, the configuration which transmits the data which answered the internal clock signal at the time of data read-out, and were 
amplified by this (pre amplifier PA) 1 16a one by one in a pipeline mode may be used Synchronizing with an internal clock signal, data are 
outputted to the data input/output terminals D/Q from the output buffer of the last stage included in output circuit 1 16b. 
[0085] Drawing 7 is the wave form chart showing roughly the actuation at the time of data read-out of SDRAM shown in drawing 6 . If an 
active command is given, line selection actuation will be started according to the line address signal then given to coincidence, and the 
potential of the word line WL corresponding to the line specified by this line address signal will start on H level. The stored data of 
memory connected to this selection word line WL is read to the bit line BL of correspondence or the bit line of ** / BL, and is detected, 
amplified and latched by (sense amplifier SA) 108b. 

[0086] Subsequently, if the lead command which directs data read-out is given, train selection actuation will be performed according to the 
train address signal then given. According to mis lead command, the train selection signal CY is made into a selection condition, and the 
data of the memory cell of correspondence of the memory cell array 108 are given in the I/O circuit 1 16. In this I/O circuit 1 16, after 
memory cell data are amplified by (pre amplifier PA) 1 16a, data are outputted through output circuit 1 1 6b. An active command and a lead 
command are given in SDRAM synchronizing with the start of the external clock signal extCLK. The number of clock cycles after a lead 
command is given until an effective data is outputted is shown by CAS latency. This CAS latency is time amount which will be needed by 
the time it outputs memory cell data to data input/output terminal D/Q through the I/O circuit 1 16, after performing train selection actuation 
in the data read-out section shown in drawing 6 . This CAS latency is equivalent to the CAS access time of standard DRAM. In the case of 
the external clock signal extCLK (A), CAS latency is set up by 3 in drawing 7 . 

[0087] For example, in SDRAM which can operate according to a 100MHz clock signal, when CAS latency is three clock cycles, it can 
operate on the frequency of 100MHz. Moreover, when CAS latency is two clock cycles, what is guaranteed as equipment is required [ that 
it can operate to 66MHz, and ]. When a clock cycle is the external clock signal whose CAS latency is 66MHz for 15ns on the other hand 3 
clocks when one clock cycle will use the external clock signal for 10ns which is 100MHz, if the access time of SDRAM which can operate 
by 100MHz sets to 30ns, CAS latency serves as two clocks. Therefore, although it is required that this SDRAM should operate with the 
clock frequency to 100MHz when CAS latency is set as three clocks, it is only required that SDRAM by which CAS latency was set as two 
clocks should operate with the clock frequency of a maximum of 66MHz. This demand is the same also to the internal clock generating 
circuit carried in the interior of SDRAM. Therefore, when CAS latency is set as two clock cycles, compared with the time of CAS latency 
being set as three clock cycles, an internal clock generating circuit does not need to operate at high speed, and the clock frequency field can 
be set up low. 

[0088] Therefore, the clock frequency field of the internal clock generating circuit required of SDRAM can be correctly set up by using as 
mode change-over signal phiMOD which showed this CAS latency information in the gestalt 1 of previous operation. 
[0089] Drawing 8 is drawing showing the configuration of a mode change-over signal generator roughly. In drawing 8 , a mode change- 
over signal generator receives the internal control signal and the specific address signal bit Ad from an input buffer which are not 
illustrated. The command decoder 104 which. outputs the signal which judges the condition synchronizing with the internal clock signal 
intCLK (RCLK), and shows this judgment result, The read-out control circuit 150 which controls the I/O circuit 1 16 and the train selection 
circuitry 1 14 according to lead actuation trigger signal phir from a command decoder 104, and performs control required for data read-out, 
Mode register set trigger signal phiSC is answered from a command decoder 104, and the register control circuit 154 which controls the 
data store / read-out actuation to a mode register 152 is included. 

[0090] This mode register 152 stores the signal given to the address input tenninal ADD as mode assignment information under control of 
the register control circuit 154. The data stored in this mode register 152, i.e., burst length data, CAS latency data, and train address change 
sequence information are given to the read-out control circuit 150. The CAS latency data from this mode register 152 are used as mode 
change-over signal phiMOD. 

[0091] Drawing 9 is the timing-chart Fig. showing actuation of the mode change-over signal generator shown in this drawing 8 . Hereafter, 
with reference to the timing-chart Fig. shown in this drawing 9 , the data set actuation to a mode register is explained. Here, in drawing 9 , a 
bank is specified for SDRAM by the bank address bit BA including two banks. Moreover, line address signals are 1 1 bit-address signals of 
bit AO- A 10, and train address signals are ten bit addresses of bit A0-A9. When the address bit A 10 is unnecessary, this is used as a part of 
command. 

[0092] In SDRAM, when one of banks is in a selection condition (active state), a precharge command is given and a bank of the active 
state is returned to a precharge condition. As clock cycle **a of drawing 9 is shown, in the start edge of the external clock signal extCLK, a 
precharge command sets a row address strobe signal / RAS and a write enable signal / WE as L level, and sets a column address strobe / 
CAS as H level, and sets the address bit A 10 as H level. The bank address bit BA specifies a bank of a selection condition. According to a 
precharge command, the bank made into the selection condition under control of a command decoder 104 drives to a precharge condition. 
[0093] If the so-called RAS precharge time amount passes and the interior of SDRAM returns to a precharge condition, a register set 
command will be given in clock cycle **b. In the start edge of the external clock signal extCLK of this clock cycle **b, a register set 
command sets all of an external control signal / RAS, /CAS, and /WE as L level, and sets the address bit A 10 and the bank address bit BA 
as L level. If a register set command is specified, register set trigger signal phiSC from a command decoder 104 will be made into an active 
state, the register control circuit 154 will operate, and a mode register 152 will be connected to the address input terminal ADD. Among 
this address input terminal ADD, the input/output terminal corresponding to address bit A0-A9 is connected to the register circuit included 
in a mode register 152, and the data MODE needed for operating SDRAMs, such as burst length data and CAS latency data, are stored 
[0094] If required data are stored in this mode register 152, an active command will be given in clock cycle **c, address bit A0-A10 will 
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be incorporated as a line address signal, and the line selection actuation to the bank specified by the bank address bit BA will be started. 
After an active command is given, a lead command is given in clock cycle **d in which the so-called "RAS-CAS time delay tRCD" 
passed. If this lead command is given, address bit A0-A9 will be incorporated as a train address signal, and train selection actuation will be 
performed When CAS latency is 3, synchronizing with the start of clock signal extCLK, the sequential output of the definite data (Q) is 
carried out from clock cycle **e. 

[0095] The mode change-over signal over an internal clock generating circuit can be generated without preparing an excessive circuit by 
using the CAS latency data stored in this mode register 152 as mode change-over signal phiMOD. Usually, storing of required data to a 
mode register 152 is performed in the initialization sequence of SDRAM. This mode change-over signal phiMOD will shorten a time delay, 
if CAS latency becomes large. It follows, for example, when CAS latency is three clocks in the configuration of previous drawing 1 , clock 
signal ECLK from the clock buffer 120 is chosen by selection -circuitry lc, and it is given to the armature-voltage control delay component 
130. When CAS latency is 2, the output signal of the delay components la or lb is chosen, and it gives to the armature-voltage control 
delay component 130. Since CAS latency exists variously with one clock cycle, two clock cycles, three clock cycles, and four clock cycles, 
according to the clock frequency of the external clock signal used to realizable CAS latency and realizable each of operation, a time delay 
should just be chosen suitably. 

[0096] For example, suppose that the range of the time delay of the armature- voltage control delay component 130 is 10ns thru/or 50s, and 
the range of the time delay added by the mode change-over signal is 5ns to 25ns. In mis case, this can be changed into the range of the time 
delay for 15ns thru/or 75ns (66MHz thru/or 22MHz), if a time delay is added with a mode change-over signal and the clock frequency 
which can lock an internal clock generating circuit will be the range for 10ns thru/or 50ns (the output signal of an armature- voltage control 
delay element is because clock signal ECLK just carries out a maximum of 1 clock cycle delay). 
[0097] In addition, the data for this mode setting signal may be not CAS latency data but data of dedication. 

[0098] As mentioned above, if the gestalt 2 of implementation of this invention is followed, since the mode change-over signal for setting 
up the clock frequency field of an internal clock generating circuit will be generated using CAS latency data, the excessive circuit for 
generating this mode change-over signal becomes unnecessary, and circuit occupancy area can be reduced. 

[0099] [Gestalt 3 of operation] drawing 10 is drawing showing the configuration of tie adjustable delay circuit 1 according to the gestalt 3 
of implementation of this invention. In drawing 10 , the adjustable delay circuit 1 includes Id of armature-voltage control delay circuits 
where that time delay is adjusted according to the control voltage VC from selector le which chooses mutually different reference voltages 
Vrefl, Vref2, and VreO according to mode change-over signal phiMOD from a decoder 153, and outputs them as control voltage, and this 
selector le. Id of armature- voltage control delay circuits is equipped with the same configuration as the armature-voltage control delay 
component 130, they are delayed in clock signal ECLK according to this control voltage VC, and give delay clock signal ECLKD to the 
armature-voltage control delay component 130. A decoder 153 decodes the CAS latency data CL contained in a mode register 152, and 
generates mode change-over signal phiMOD. 

[0100] In the configuration of the adjustable delay circuit 1 shown in this drawing 10 , a time delay can be adjusted according to control 
voltage VC. According to mode change-over signal phiMOD which decodes the CAS latency data CL and is obtained, this control voltage 
VC is chosen from reference voltages Vrefl, Vref2, and VreO, and is outputted. Therefore, the time delay correctly needed according to 
this CAS latency can be set up. 

[0101] [Example of modification] drawing 1 1 is drawing showing the configuration of the example of modification of the adjustable delay 
circuit according to the gestalt 3 of implementation of this invention. Control voltage VC is generated in the configuration shown in this 
drawing 11 by D/A converter 157 which changes the CAS latency data CL from a mode register 152 into analog information. The 
adjustable delay circuit 1 includes the time delay defined according to the control voltage VC from this D/A converter 157, If of armature- 
voltage control delay circuits which are delayed in clock signal ECLK and generate delay clock signal ECLKD, and lg of switching 
circuits which decode the CAS latency data CL from a mode register 152, and choose one side of the output signal of 1 f of armature- 
voltage control delay circuits, and clock signal ECLK according to mode change-over signal phiMOD from a decoder 153. 
[0102] D/A converter 157 can use the circuit which consists of resistance elements between the MOS transistor and output node which can 
use the usual D/A converter, for example, are connected to juxtaposition between a power node and an output node, and a touch-down 
node. If CAS latency becomes large, the number of MOS transistors which will be in an ON state among this juxtaposition MOS transistor 
will increase. Thereby, the voltage level of control voltage VC is raised and the time delay of If of armature-voltage control delay circuits 
is shortened. When delay does not need to be given to this clock signal ECLK, mode change-over signal phiMOD controls lg of switching 
circuits, chooses clock signal ECLK, and gives it to the armature- voltage control delay component 130. lg of this switching circuit may be 
used in the adjustable delay circuit 1 similarly shown in drawing 10 again. When lg of switching circuits is not used, the number of stages 
of the inverter train of the armature-voltage control delay component 130 is reduced, the time delay which is Id of armature- voltage control 
delay circuits and to give is added, and delay offset is set to 0 equivalent. 

[0103] If the configuration shown in this drawing 1 1 is followed, the CAS latency data CL will be decoded using a D/A converter, and 
control voltage VC will be generated. Therefore, the circuit which generates the reference voltage for determining the working speed of If 
of this armature- voltage control delay circuit becomes unnecessary, and circuit occupancy area is reduced. 

[0104] In addition, in the configuration shown in this drawing 11 , the output signal of a mode register 152 is decoded, and it may be 
constituted so that that decoding result may be given to D/A converter 157. Although, as for the CAS latency data CL stored in a mode 
register 1 52, the configuration to which CAS latency is set with a binary number is shown, CAS latency data may be set up so that only 1 
bit according to each CAS latency may be made into an active state. 

[0105] As mentioned above, since it constitutes in the adjustable delay circuit 1 so that offset of a time delay may be applied using an 
armature- voltage control delay circuit if the gestalt 3 of implementation of this invention is followed, compared with the configuration 
which realizes a delay element using the usual inverter train, the time delay needed by reducing the number of stages of an inverter can be 
realized, and circuit occupancy area can be reduced. 

[0106] [Gestalt 4 of operation] drawing 12 is drawing showing roughly the configuration of the whole internal clock generating circuit 
according to the gestalt 4 of implementation of this invention. In the configuration of the internal clock generating circuit shown in this 
drawing 12 , the output signal of the adjustable delay circuit 10 delayed according to mode change-over signal phiMOD in the output signal 
of this armature- voltage control delay component 130 is given to the input section of the armature- voltage control delay component 130. 
That is, the adjustable delay circuit 10 and the armature-voltage control delay component 130 constitute a loop formation. Other 
configurations are the same as the gestalt 1 of previous operation thru/or it of 3, and give the same reference number to a corresponding 
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part The configuration of the internal clock generating circuit shown in this drawing 12 is the so-called phase locked loop (PLL). A phase 
detector 124 detects the phase contrast of clock signal ECLK and RCLK. With the charge pump 126 and a loop filter 128, the control 
voltage VCOIN according to this phase contrast is given to current Miller circuit 130a of the armature-voltage control delay component 
130. According to the control voltage VINP and VINN from this current Miller circuit 130a, the working speed of delay control clock 
generation circuit 130b is determined. The output signal of this circuit 130b is again given through the adjustable delay circuit 10 to the 
armature-voltage control delay component 130. 

[0107] Therefore, unlike the configuration of DLL, the phase of the signal which is equivalent to this clock signal RCLK according to the 
phase contrast of clock signal ECLK and clock signal RCLK is adjusted. Compared with the case of the configuration of DLL, in the case 
of the internal clock generating circuit which consists of this PLL, according to the phase contrast of clock signal ECLK and RCLK, the 
phase of the internal clock signal RCLK is only adjusted, and, similarly the internal clock signal RCLK (or intCLK) which carried out 
phase simulation to the external clock signal is acquired. The adjustable delay circuit 10 is equipped with the same configuration as the 
adjustable delay circuit 1 shown in the gestalt 1 of previous operation thru/or 3. By adjusting the time delay of this adjustable delay circuit 
10, the time delay which delay control clock generation circuit 130b gives can be adjusted equivalent, and the clock frequency field (signal 
frequency field which can be locked) of mis PLL can be adjusted 

[0108] [Example of modification] drawing 13 is drawing showing the configuration of the example of modification of the internal clock 
generating circuit according to the gestalt 4 of implementation of this invention. Also in the configuration of the internal clock generating 
circuit shown in this drawing 13 , the armature-voltage control delay component 130 and the adjustable delay circuit 10 constitute a loop 
formation. However, unlike the configuration drawing 12 I Shown, the output signal from the adjustable delay circuit 10 is given to the 
clock buffer 122. That is, a phase detector 124 detects the internal clock signal RCLK equivalent to the output signal of this adjustable 
delay circuit 10, and the phase contrast of clock signal ECLK, and adjusts the time delay of the armature- voltage control delay component 
130. The adjustable delay circuit 10 gives offset to the time delay of this armature-voltage control delay component 130, when that time 
delay is adjusted according to mode change-over signal phiMOD and a certain significant time delay is given. Therefore, like the gestalt of 
operation shown in previous drawing 12 , the time delay of the armature- voltage control delay component 130 is adjusted according to 
mode change-over signal phiMOD, it responds and the clock frequency field of this internal clock generating circuit is adjusted. The 
internal clock signal which this certainly locked over the wide range clock signal frequency domain is generable. 
[0109] As mentioned above, since an internal clock generating circuit is constituted using PLL, and it constitutes so that offset may be 
applied to the time delay of the armature-voltage control delay component which is the component of this PLL according to a mode 
change-over signal if the gestalt 4 of implementation of this invention is followed, the internal clock signal locked in stability over the wide 
range frequency domain of a clock signal is generable. 

[0110] [Gestalt 5 of operation] drawing 14 is drawing showing roughly the configuration of the internal clock generating circuit according 
to the gestalt 5 of implementation of this invention. In drawing 14 , the selector 2 which chooses one side of the output signal RCLK of 
clock signal ECLK and the clock buffer 122 as the output section of the clock buffer 122 which generates the internal clock signal RCLK 
(or intCLK) according to mode change-over signal phiMODB, and generates the internal clock signal intCLK is formed. In the adjustable 
delay circuit 1, selector lc which chooses clock signal ECLK, the output signal of delay component la, or the output signal of delay 
component lb according to mode change-over signal phiMOD A is prepared. Other configurations are the same as the gestalt 1 of previous 
operation, and give the same reference number to a corresponding part This mode change-over signal phiMODA and phiMODB are both 
generated based on CAS latency information, as explained in the gestalt 2 of previous operation, respectively. When the frequency of the 
external clock signal extCLK is low, even if offset is given to a time delay by the adjustable delay circuit 1 and that clock frequency field is 
made low, the condition that it becomes impossible to lock in this late clock signal ECLK enough produces the armature-voltage control 
delay component 130. When control voltage VCOIN is made sufficiently low and the conductance of the current source transistor of the 
inverter train of the armature-voltage control delay component 130 is made sufficiently small, Current Ids is beta (Vgs-Vth) 2. It follows, 
and in order to change, the operating current Ids changes a lot by change of slight control voltage VCOIN, actuation of the armature- 
voltage control delay component 130 becomes unstable, it becomes impossible to lock in stability, and a minimum exists in a clock 
frequency field (refer to drawing 2 ). 

[01 1 1] By the selector 2, according to mode change-over signal phiMODB, clock signal ECLK from the clock buffer 120 is chosen such in 
a condition, and it outputs to it as an internal clock signal intCLK. Thereby, the frequency of clock signal ECLK (external clock signal 
extCLK) is late, and when it cannot respond by DLL, the internal clock signal which carried out phase simulation to clock signal ECLK 
can be generated. It is equal to clock signal ECLK, the phase synchronizes mostly, and delay can disregard the internal clock signal intCLK 
(when it is a low-speed clock, the amount of delay is short enough compared with a clock cycle). In the selector 2, the comparatively big 
buffer circuit may be established in the path which chooses clock signal ECLK. When clock signal ECLK is chosen as an internal clock 
signal intCLK, an internal clock signal without waveform distortion can be given to an internal circuitry. 

[0112] [Example of modification] drawing IS is drawing showing the configuration of the example of modification of the internal clock 
generating circuit according to the gestalt 5 of implementation of this invention. In the configuration shown in this drawing 15 , the selector 
20 which chooses one side of clock signal RCLK from the clock buffer 122 and clock signal ECLK from the clock buffer 120 according to 
the mode change-over signal MODB is formed like the configuration shown in drawing 14 . The internal clock signal intCLK is outputted 
from a selector 20. Other configurations are the same as the configuration shown in drawing 12 in the gestalt 4 of previous operation, and 
give the same reference number to a corresponding part. In addition, in this adjustable delay circuit 10, delay component 10a delayed in 
clock signal RCLK, delay component delay component 10b delayed in the output signal of delay component 10a, and selector 10c which 
chooses either the output signal of clock signal RCLK and delay component 10a and the output signal of delay component 10b according to 
mode change-over signal phiMODA are prepared. This configuration is the same as the configuration of the adjustable delay circuit 1 
shown in drawing 14 . The adjustable delay circuits 1 and 10 may be armature- voltage control delay circuits ( drawing 10 , 1 1 reference). 
[0113] Also in the configuration shown in this drawing 15 , when the clock frequency of the external clock signal extCLK is lower than the 
clock frequency of PLL, by mode change-over signal phiMODB, clock signal ECLK is chosen by the selector 20, and it outputs as an 
internal clock signal intCLK. The internal clock signal intCLK which carried out phase simulation is generable also to clock signal extCLK 
of a low frequency which cannot respond by offset of the time delay by the adjustable delay circuit 10, either. 

[01 14] In addition, data are stored in the mode register which stores CAS latency data according to the clock frequency of an external clock 
signal, and that storing data may be used for this mode change-over signal phiMODB as mode change-over signal phiMODB. In this case, 
CAS latency data and the data for mode change-over signal phiMODB are set in the same cycle. 
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[0115] When determining mode change-over signal phiMODA (or phiMOD) according to CAS latency data, it is beforehand premised on 
the correspondence relation which exists between this CAS latency and the frequency of the external clock signal extCLIC When using the 
frequency of the external clock signal which separates from this premise, the clock signal which selectors 2 or 20 choose using mode 
change-over signal phiMODB is switched. The internal clock signal which carried out phase simulation is generable also to the clock 
frequency to which DLL or PLL cannot respond by that cause according to an application application easily. 

[01 16] As mentioned above, if the gestalt 5 of implementation of this invention is followed, the internal clock signal which carried out 
phase simulation to it also to the clock signal of low clock frequency with which DLL or PLL cannot respond since the selector which 
chooses one side of the clock signal generated from PLL or DLL and the clock signal corresponding to an external clock signal was 
prepared in the internal clock generating section can be generated, and the internal clock generating circuit where clock frequency is large 
can be generated 

[01 17] In the gestalt 1 of the [example of application] above-mentioned operation thru/or 5, the internal clock generating circuit is used for 
the internal clock signal generation of SDRAM. However, mis internal clock generating circuit is applicable if it is the semiconductor 
memory which performs actuation which incorporates an external signal synchronizing with an external clock signal like for example, 
synchronous one SRAM (static random access memory). 

[0118] Moreover, not only in for example, a semiconductor memory but the communication link field etc., it is applicable to the 

communication system of two or more transmission speed with the configuration of one internal clock generating circuit also in the 

equipment which generates an internal clock signal synchronizing with a transmit-clock signal, and samples data according to this internal 

clock signal. In this case, a mode change-over signal may only be constituted so that a user may set up with the wiring of a pad etc. 

[01 19] Moreover, generally this invention is applicable not only to a clock signal but the 1st signal to the circuit which generates the 2nd 

signal which carried out phase simulation, especially the circuit which generates a signal using DLL and PLL. 

[0120] 

[Effect of the Invention] As mentioned above, in the internal clock generating circuit which generates the internal signal which carried out 
phase simulation to the external signal using the armature-voltage control delay component, if this invention is followed, since it 
constituted so that offset might be alternatively given for a time delay to this armature-voltage control delay component, the internal clock 
signal generating circuit which can certainly be locked over a large frequency domain is realizable. 

[0121] If invention of claim 1 follows, a delay control clock-generation means generate the signal which operates according to the time 
delay which can be changed according to the phase contrast of an external clock signal and an internal clock signal, and is equivalent to an 
internal clock signal, and since it constitutes so that offset may give to the time delay of this delay control clock-generation means 
according to a mode-setting signal, the internal clock signal which certainly locked over the range where the frequency of an external clock 
signal is large is generable. 

[0122] Since it constituted so that a delay control clock-generation means might include an adjustable delay means to by_which connect 
with this two or more inverter trains and serial, and a delay offset means adds a time delay to the time delay of an inverter train, including 
the train of two or more inverters with which it is adjusted according to phase contrast in each of that operating current when following 
invention concerning claim 2, the time delay needed can give to a delay control clock-generation means certainly. 

[0123] If invention concerning claim 3 is followed, a control delay clock generation means includes the train of two or more inverters with 
which each operating current is adjusted according to the phase contrast of an external clock signal and an internal clock signal, the time 
delay delay to which the delay offset means was set by the mode setting signal in the inverter output of the last stage of two or more of 
these inverter trains - carrying out - two or more inverter trains - the first rank, since it was made to give to an inverter The internal clock 
generating signal using a PLL loop formation can be constituted, and the clock frequency field of this PLL loop formation can be set as the 
large range. 

[0124] If invention concerning claim 4 is followed, since the data set as the mode register contained in this synchronous semiconductor 
memory are used, the amount of delay offset can generate the control signal for setting up the amount of delay offset certainly, without 
using an excessive circuit. 

[0125] If invention concerning claim 5 is followed, the data stored in the mode register are data which specify the CAS latency to which an 
effective data is outputted, and the clock frequency field of an internal clock generating circuit can be easily set up according to the 
frequency domain of the external clock signal defined according to CAS latency information. 

[0126] Moreover, since a user sets up CAS latency data before use of a synchronous semiconductor memory, they can set the clock 
frequency field of an internal clock generating circuit as transparent for a user certainly according to the application application of this 
synchronous semiconductor memory. 

[0127] If invention concerning claim 6 is followed, since the selector which chooses one side of an external clock signal and the clock 
signal from a delay control clock generation means according to a mode change-over signal, and is outputted as an internal clock signal is 
prepared further, When the frequency of an external clock signal cannot respond by addition of delay offset low, the internal clock signal 
which carried out phase simulation to the external clock signal certainly can be generated, and the large internal clock generating circuit of 
the clock frequency range can be realized. 

[0128] An armature-voltage control delay means to generate the signal which operates by the time delay which will generate the electrical 
potential difference according to the phase contrast of the 1st and 2nd signals, and will be determined with this electrical potential 
difference if invention concerning claim 7 is followed, and is equivalent to the 2nd signal, Since it constitutes so that this active region 
setting signal may be answered and offset may be given to the time delay of this armature-voltage control delay means, the 2nd signal 
which carried out phase simulation certainly over the large frequency domain of the 1st signal is generable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing roughly the configuration of the whole internal clock generating circuit according to the gestalt 1 of 
implementation of this invention. 

[Drawing 2] It is drawing for explaining actuation of the internal clock generating circuit according to this invention. 

[Drawing 3] It is drawing showing an example of the configuration of the phase detector shown in drawing 1 , a charge pump, and a loop 

filter. 

Prawing 4] It is the timing-chart Fig. showing actuation of the phase detector shown in drawing 3 . 

[Drawing 5] It is drawing showing the configuration of the example of modification of the internal clock generating circuit according to the 
gestalt 1 of implementation of this invention. 

Prawing 6] It is drawing showing roughly the configuration of the data read-out section of a synchronous semiconductor memory 
equipped with the internal clock generating circuit according to this invention. 

prawing 7] It is the timing-chart Fig. showing the actuation at the time of data read-out of the synchronous semiconductor memory shown 
in drawing 6 . 

[Drawing 8] It is drawing showing roughly the configuration of the mode change-over signal generator of the internal clock generating 
circuit according to the gestalt 2 of implementation of this invention. 

Prawing 9] It is the timing-chart Fig. showing the mode data setting-operation to the mode register shown in drawing 8 . 
Prawing 10] It is drawing showing roughly the configuration of the adjustable delay circuit of the internal clock generating circuit 
according to the gestalt 3 of implementation of this invention. 

Prawing 1 1] It is drawing showing the configuration of the example of modification of the internal clock generating circuit according to 
the gestalt 3 of implementation of this invention. 

Prawing 12] It is drawing showing roughly the configuration of the internal clock generating circuit according to the gestalt 4 of 
implementation of this invention. 

[Drawing 13] It is drawing showing the configuration of the example of modification of the internal clock generating circuit according to 
the gestalt 4 of implementation of this invention. 

[Drawing H] It is drawing showing roughly the configuration of the whole internal clock generating circuit according to the gestalt 5 of 
implementation of this invention. 

Prawing 15] It is drawing showing the configuration of the example of modification of the internal clock generating circuit according to 
the gestalt 5 of implementation of this invention. 

prawing 16] It is the timing-chart Fig. showing data read-out of the conventional synchronous semiconductor memory and the actuation at 
the time of a store. 

[Drawing 17] It is drawing showing the configuration of the conventional synchronous whole semiconductor memory roughly. 
Prawing 18] It is drawing showing the timing relationship of the internal clock signal of a synchronous semiconductor memory and 
external clock signal which are shown in drawing 17 . 

Prawing 1?] It is drawing showing roughly the configuration of the whole internal clock generating circuit in the conventional 
synchronous semiconductor memory. 

Prawing 20] It is drawing showing an example of the configuration of the armature-voltage control delay component shown in drawing 
12- 

pescription of Notations] 

1 Adjustable Delay Circuit, la, IB Delay Component, 1C, IE, 1G Selector, 10 An adjustable delay circuit, 10a and 10b, a delay 
component, 10c Selector, Two selectors, 20 A selector, 120,122 Clock buffer, 124 A phase detector, 126 A charge pump, 128 Loop filter, 
130 An armature-voltage control delay component, IVl-IVn An inverter, 130a Current Miller circuit, 130b A delay circuit, 104 A 
command decoder, 152 A mode register, 154 A register control circuit, Id, If armature- voltage control delay circuit. 
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